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ABSTRACT
The metal c h e la te s  o fy#-d ik eton es  are unusual in th a t  they  
are v o l a t i l e  to  some e x te n t .  The degree o f  v o l a t i l i t y  o f  th ese  com­
pounds has never been thoroughly in v e s t ig a te d .  Furthermore, no attempt 
has been made to  r e la t e  the v o l a t i l e  property with compound character­
i s t i c s  such as the nature o f  the cen tr a l  metal atom and the s tr u c tu r e  
o f  th eyy-d ik eton e . A study was undertaken to  in v e s t ig a t e  th ese  p o in ts  
in order to  develop concepts o f  techniques o f  separation  and p u r i f i ­
ca t io n  o f  m e ta ls ,  based on v o l a t i l i z a t i o n .
Vapor pressure-tem perature data was determined for  a s e r ie s  
o f  ̂ - d ik e t o n e  c h e la te  compounds. The ligand was varied by system atic  
s u b s t i t u t io n  o f  a lk y l ,  f lu o n in a ted  a lk y l ,  aromatic and h e te r o c y c l ic  
groups in l i e u  o f  R and R* in the formula:
R -C -C H n -C -R *
M £  II
0 0
The molar heats o f  sublim ation  o f  th ese  compounds were^calcu­
la te d  from th e  vapor pressure-tem perature data and were used as the  
c r i t e r io n  fo r  the  degree o f  v o l a t i l i t y  as fo l lo w s :  the higher the molar
heat o f  su b lim a tio n , the l e s s  v o l a t i l e  the compound and v ic e  v e r sa .
The degree o f  v o l a t i l i t y  appeared to  be re la ted  to  the  
m olecular symmetry and p o la r i t y  o f  the m olecules as fo l lo w s:  Spherical
m olecules (g iv e n  by a te tra h ed ra l and octahedral arrangement o f  the  
coord ination  bonds o f  the c en tr a l  metal atom) o f  the n on -flu or in a ted  
compounds were more v o l a t i l e  than f l a t  m olecules (g iven  by a planar  
arrangement o f  the coord ination  bonds o f  c en tr a l  metal atom). The 
s u b s t i t u t io n  o f  the tr if lu o ro m eth y l for  a methyl group gave r i s e  to  a
d i f f e r e n t  trend in v o l a t i l i t y .  This trend appeared to  be re la ted  to
v i i
the p o la r i t y  o f  the m olecu les .  The more p o lar  m olecules being l e s s  
v o l a t i l e .  The s u b s t i t u t io n  o f  aromatic and h e te r o c y c l ic  groups 
a f fec te d  th e  v o l a t i l i t y  o f  the m olecu les .  Their e f f e c t  appeared to  
be r e la ted  to the a l t e r a t io n  o f  the p o la r i t y  o f  the m olecules on the  
b a s is  o f  p o s s ib ly  resonance co n tr ib u tio n .
The temperature at which sublim ate was f i r s t  observed on a 
co ld  f in g e r  in an evacuated v e r t i c a l  sublim ator was determined. These 
temperatures were intended to  be a guide in e s ta b l is h in g  r e la t iv e  
degrees o f  v o l a t i l i t y .  However, the observed temperatures appeared 
to  be the temperatures at which d i f fu s io n  to  the cold  f in g e r  took 
p la ce  at a n o t ic e a b le  ra te . This phenomena i s  r e la ted  to  the para­
meters o f  m olecular weight and diameter o f  the m olecules rather than 
to  the parameters o f  m olecular symmetry and p o la r i t y  which apparently  
are r e la ted  to  the degree o f  v o l a t i l i t y .
The thermal s t a b i l i t y  o f  th ese  compounds was found to  be l e s s  
than what was expected. The more s ta b le  decomposed at l5 0 °-2 0 0 °  C and 
th e  l e s s  s ta b le  around 100° C. The order o f  thermal s t a b i l i t y ,  when 
arranged according to  the c en tr a l  metal atom, somewhat resembled the  
order o f  s o lu t io n  s t a b i l i t y  th a t  has been reported fo r  a la rg e  number 
o f  c h e la te  compounds.
Some q u a l i t a t iv e  sep arat ion s  o f  metal^jf-diketone c h e la te  
compound were done. The sep arat ion s  were accomplished in a v e r t i c a l  
sublim ator. Beryllium was separated from iron and copper; co b a lt  from 
n ic k e l;  and f i n a l l y ,  bery llium  from copper and n ic k e l  and the copper in  
turn from th e  n ic k e l .
Further in v e s t ig a t io n s  in vo lv in g  other compounds i s  suggested  
along w ith  s tu d ie s  towards th e  development o f  a n a ly t ic a l  tech n iq u es ,
v i i i
based on v o l a t i l i z a t i o n .  The need to  study magnetic s u s c e p t i b i l i t i e s ,  
d ip o le  moments and p o l a r i z a b i l i t i e s  o f  th ese  compounds in  order to  




The fl -d ik eton es  e x i s t  in  the fo l lo w in g  tautomeric equilibrium  
between an enol and keto form:
H H
i I
OH 0 O H O
I II
The e n o l ic  form i s  represented by I and the keto form by I I ,
The e n o l i c  form i s  favored in  the equ ilibr ium  (4 4 ) .  This form can 
coordinate with m e ta l l i c  io n s ,  through the oxygens with th e  lo s s  o f  a 
proton , to y i e ld  ch e la te  compounds.
A n on -ion ic  type o f  ch e la te  compound can be formed from the 
m e ta l l i c  ions whose coordination  number i s  tw ice  i t s  io n ic  charge. This 
type o f  ch e la te  compound i s  commonly re ferred  to as an inner complex com­
pound ( 2 ,  3 3 ) .  The general formula fo r  an inner complex o f  a ^ -d iketone  
and a m e ta l l i c  ion may be represented as fo l lo w s  (3 ) :
R
l








The metal i s  represented by M and n i s  equal to the io n ic  charge. Some 
common examples o f  m e ta l l i c  ions th a t  have y ie ld e d  these  inner complexes 
are th e  d iv a len t  ions o f  b ery llium , copper and n ick e l;  the t r iv a le n t  ions  
o f  aluminum,chromium, iron  and coba lt;  and the te tr a v a le n t  ions o f  thorium,
2
zirconium , cerium and uranium.
The metal c h e la te  compounds o f  ^ -d ik e to n e s  have been known s in ce  
as e a r ly  as 1887 (1 4 ) .  The c y c l i c  s tr u c tu r e  I I I  was proposed by Werner
in  1901 (4 4 )  and Morgan and Moss in  1914 (3 4 ) .  This proposal was la t e r
su b s ta n t ia te d  by s tereoch em ica l ev idence ( 4 5 ,  13, 24 , 29 , 32) and x-ray  
evidence ( 1 ,  15 ) .  I t  was the inner complexes o f  /tf-diketones that prompted 
Morgan and Drew (33 )  to coin the term "chelate"  (from c h e la ,  meaning claw) 
in an attempt to d escr ib e  the p in c e r - l ik e  fu n ction  o f  the two a s so c ia t in g  
groups.
Some metal c h e la te  compounds are unusual in  th at they p o ssess  
p r o p e r t ie s  which one would normally a t t r ib u t e  to s t r i c t l y  organ ic  com­
pounds. They may be in s o lu b le  in w ater , so lu b le  in  non-polar  so lv en ts  
and v o l a t i l e .  The inn er  complexes o f  ^ -d ik e to n e s  and m e t a l l i c  ion s  are 
one o f  the types e x h ib i t in g  th ese  c h a r a c t e r i s t i c s  ( 4 ) .
The l i t e r a t u r e  conta in s  a number o f  reports  which mention the
v o l a t i l e  character o f  some metal ch e la te  compounds. Sidgwick (3 8 )  has
c o l l e c t e d  a number o f  th ese  referen ces  concerning the metal c h e la te s  o f  
a c e ty la c e to n e ,  a c e t o a c e t ic  e s t e r ,  b en zoy laceton e , and dibenzoylmethane. 
Other review sources ( 4 ,  1 6 , 19) a lso  conta in  s im ila r  re feren ces  p e r ta in ­
ing to th e  v o l a t i l e  character  o f  metal c h e la te  compounds o f  y7-diketones.
S ta n ifo r th  (4 1 )  in v e s t ig a te d  metal ch e la te s  o f  a c e ty la ce to n es  
and o th er  y3 -d ik e ton es  in  order to f in d  compounds o f  g r e a te r  v o l a t i l i t y  
than th e  simple a c e ty la ce to n e  c h e la te s .  His approach was to rep lace  
hydrogen atoms in  a c e ty la ce to n e  c h e la te s  with f lu o r in e  atoms, and thereby  
in c r e a se  the cova len t ch aracter  o f  the r e s u l t in g  compounds. He was able  
to demonstrate that th e  f lu o r in a te d  compounds were g e n e r a l ly  lower in  
m eltin g  p o in t ,  had b e t t e r  thermal s t a b i l i t y  and were more r ea d ily  sublimed
3
than the acety la ce to n e  compounds.
Wish and Bolomey (4 6 )  reported th a t  the ch e la te s  o f  2 - t h e n o y l t r i -  
flu oroaceton e  were not v o l a t i l e  under ordinary con d it ion s . However, they  
found th at these  could be sublimed at reduced pressu res .
A survey o f  the l i t e r a t u r e  has f a i l e d  to y ie ld  any comprehensive 
report o f  s tu d ies  attempting to measure the degree o f  v o l a t i l i t y  o f  th ese  
compounds. Furthermore, no attempt has been made to c o r r e la te  the a v a i l ­
able  data with the nature o f  the cen tra l metal atom and the s tru ctu re  o f  
the l igan d .
A study was undertaken to determine the degree o f  v o l a t i l i t y  o f  
a s e r ie s  o f  ^ -d ik e to n e  ch e la te  compounds from vapor pressure-tem perature  
data and sublimation temperatures. The c o rr e la t io n s  th a t  may e x i s t  
between the degree o f  v o l a t i l i t y ,  and the nature o f  the cen tra l metal 
atom and th e  s tru ctu re  o f  the ligand were sought.
S iz e ,  shape and p o la r i ty  o f  the molecule are fa c to r s  involved  
in the degree o f  v o l a t i l i t y  o f  a compound. Thus, i t  would seem reasonable  
that a c o rre la t io n  between the degree o f  v o l a t i l i t y  and the nature o f  the  
cen tra l metal atom and the s tru ctu re  o f  th e  ligand would e x i s t .  The 
d irected  coordination  bonds o f  the metal could contr ibu te  to the shape 
o f  the m olecule and i t s  p o la r i t y .  The number o f  th ese  bonds would con­
tr ib u te  to the s iz e  by d ic ta t in g  the number o f  coordinated l ig a n d s .  
Furthermore, the s tru c tu re  o f  the ligand a lso  a f f e c t s  the s i z e ,  shape and 
p o la r i t y  o f  the m olecule.
The e f f e c t  o f  the s tru c tu re  o f  the ligand on the v o l a t i l i t y  o f  
the ch e la te  compound was evaluated  fo r  a s e r ie s  o f  ^ -d ik e to n e s  by the  
system atic  s u b s t i tu t io n  o f  a lk y l ,  f lu o r in a te d  a lk y l ,  aromatic and h etero ­
c y c l i c  groups in l i e u  o f  R and R* in  I .  T h e^ -d ik eto n es  which were used
4
are l i s t e d  in  Table I .  A bb rev ia tion s, that are used as a matter o f  
convenience, are a lso  l i s t e d .
A number o f  th e  more common m etals were used as the cen tra l  
metal atom, because t h e ir  bond types and stereoch em istry , with regards 
to coord ination  compounds, have been f a i r l y  w e ll  ch aracter ized . These 
were b e r y l l iu m (I I ) , alum inum (III), i r o n ( I I I ) ,  c o b a l t ( I I ) ,  n i c k e l ( I I ) ,  
and co p p e r (I I ) .
The u lt im ate  o b je c t iv e s  o f  th ese  s tu d ies  were, 1) to develop  
concepts o f  new techniques o f separation and p u r i f ic a t io n  o f  m eta ls ,  
based on v o l a t i l i z a t i o n ,  and 2 ) to gather ideas and inform ation fo r  
the development o f  compounds, to be used in  th ese  techniques.
TABLE I .  y^-Di’ketones In v e s t ig a te d
R B£. Common Name I.U.C. Name Abbreviation
CHg- -CH3  a ce ty la ce to n e  2,4-pentanedione AA
CH3 -  -CF3  a c e ty l tr i f lu o r o a c e to n e  1 5 1 }l - t r i f lu o r o -2 ,4 -p e n ta n e d io n e  ATA
© -  -CH3  benzoylacetone I-phenyl-1j3-butaned ione BA
-CF3  b en zo y ltr if lu o ro a ce to n e  l -p h e n y l-4 ?4 j4 - tr i f lu o r o - l ,3 -b u ta n e d io n e  BTA
(j j)-  -CF3  2 - fu r o y ltr i f lu o r o a c e to n e  l - ( 2 - f u r o y l ) - 4 j 4 ,4 - t r i f lu o r o - l j 3 - b u t a n e d io n e  FTA
([""jl- -CF3  2 - th en o y ltr if lu o ro a c e to n e  l - ( 2 - t h e n o y l ) - 4 , 4 , 4 - t r i f l u o r o - 1 ?3-butanedione TTA
EXPERIMENTAL
1. Source of^?-D iketones
A c e ty la ce to n e . This compound was com m ercially a v a i la b le  and 
th e  Eastman Kodak Company product was used.
A c e ty l t r i f lu o r o a c e t o n e . This compound was prepared according  
to  th e  method reported by Reid and C alvin  ( 3 5 ) .  However, the s te p s  
in v o lv in g  the p u r i f i c a t io n  o f  t h e ^ - d ik e t o n e  were e lim in ated  and the  
fo l lo w in g  procedure s u b s t i t u te d  in order to  obta in  j u s t  th e  crude 
product.
The dry benzene s o lv e n t  was removed by d i s t i l l a t i o n  at 
reduced pressu re  (approxim ately  25 mm). This l e f t  only the impure 
sodium s a l t  o f  t h e ^ - d ik e t o n e  in  th e  rea c t io n  f la s k .  A 10% s o lu t io n  
o f  th e  s u l f u r i c  acid  was added u n t i l  a l l  o f  th e  s a l t  was d is s o lv e d  
and more added u n t i l  the con ten ts  o f  th e  f la s k  were acid  to  l i tm u s .
The f la s k  was allowed to  stand u n t i l  th e  ^ -d ik e to n e  phase separated  
from the aqueous phase.
T heyj-d ik eton e  remaining in  the aqueous phase was recovered  
as th e  copper c h e la te  compound as fo l lo w s :  A 5 % s o lu t io n  o f  copper
s u l f a t e  was added u n t i l  a b lu e  c o lo r  in d ic a te d  ex cess  copper. The 
copper c h e la te  was f i l t e r e d  o u t ,  dryed in  a ir  and s to r e d .
B en zoy laceton e . This compound was com m ercially a v a i la b le  and 
the Mid-Continent Chemical Company product was used.
B e n z o y l tr i f lu o r o a c e to n e . The copper c h e la t e  o f  t h i s  compound 
was prepared according to  the method reported by S e id  and C alvin  ( 3 5 ) .  
They t f - d i k e t o n e  was s to red  in t h i s  form u n t i l  i t  was used.
7
The fo llow in g  method was used to  obtain  t h e ^ -d ik e to n e  from 
the copper c h e la te  compound: A sa tu rated  benzene s o lu t io n  o f the
copper compound was prepared and shaken with 3 M s u l fu r ic  acid in  a 
separatory funnel. The shaking was continued with p er io d ic  replacement 
o f  the aqueous la y er  with fre sh  charges o f  3 M ac id . When the benzene 
layer  became c o l o r l e s s ,  the r e le a s e  o f  t h e ^ -d ik e to n e  was considered  
complete. The benzene layer  was separated and d i s t i l l e d  at reduced 
pressure . Sometimes c r y s ta l s  o f  t h e ^ -d ik e to n e  could be obtained.
Other times an o i l y  residu e o f  the impure product was l e f t  in the 
d i s t i l l a t i o n  f la s k .
2 -F u r o y ltr if lu o r o a c e to n e . This compound was prepared in the  
same manner as th e  b e n z o y ltr if lu o r o a ce to n e .
2 -T h en o y ltr if lu o ro a ce to n e . This compound was obtained from 
th e  U n iv ers ity  o f  C a l i fo r n ia .  E xtensive d e te r io r a t io n  had taken p lace  
with long s to ra g e .  The rem aining/7-d iketone was recovered by s u b l i ­
mation at 40° C at 0 .2  -  0 .3  mm o f  mercury. A v e r t i c a l  type sublim ator  
was used and th e  sublim ate c o l l e c t e d  on a co ld  f in g e r  maintained at 
approximately 20° C.
2. Source o f  Metal C helate Compounds o f/?  -D iketones
The fo llo w in g  general method was used fo r  the preparations  
in vo lv in g  the l iq u id  d ik e to n es ,  acety laceton e  and a c e ty ltr if lo u r o a c e to n e :  
A 5 % metal ion s o lu t io n  was bu ffered  by adding 5 g o f  sodium a ceta te  
fo r  every 100 ml o f s o lu t io n .  The n i t r a t e  s a l t  o f  the metal was used 
in a l l  cases  except b ery lliu m , for  which the s u l f a t e  s a l t  was used. An 
excess  o f  th e  buffered  metal ion s o lu t io n  was shaken with the d iketone.
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The shaking was continued u n t i l  the reaction  appeared complete.
In the case  o f  the s o l i d  d ik e to n es ,  benzoylacetone, ben- 
z o y l tr i f lu o r o a c e to n e ,  2 - fu r o y ltr i f lu o r o a c e t .o ’ e and 2 - t h e n o y l t r i -  
f lu o ro a ce to n e , an excess  o f  the buffered  metal ion s o lu t io n  was added 
s lo w ly ,  with shaking, to  concentrated a lc o h o l ic  s o lu t io n  o f the d ike­
tone. Shaking was continued u n t i l  the rea c tio n  appeared complete.
This order o f  add ition  was used to  avoid p r e c ip i ta t io n  o f  the diketone  
due to  the i n s o l u b i l i t y  o f  the diketone in water. The reaction  o f  the  
diketone w ith  the m e ta l l i c  ion could keep pace with the add ition  o f  the  
aqueous reagent and thereby be kept from p r e c ip i ta t in g  without reacting.
A fter  p r e c ip i ta t io n  o f  the metal c h e la te  compound by e i th e r  
o f  the above methods, the p r e c ip i t a t e  was c o l l e c t e d  by f i l t r a t i o n  and 
trea ted  according to  th e  d e scr ip t io n  below. Any d ev ia tio n s  in the above 
general methods o f  p r e c ip i ta t io n  o f  a p a r t ic u la r  compound are described  
below when ap p lica b le .
T r is -(a ce ty la c e to n o )a lu m in u m (III) . The w hite  p r e c ip i ta te  
was washed with w ater, r e c r y s t a l l i z e d  from ethanol and water and dried  
at 110° C. The m ateria l melted at 112° C, which i s  in agreement with  
th e  value  reported in the l i t e r a t u r e  (2 0 ,3 8 ) .
B is - ( a c e t y la c e t o n o ) b e r y l l iu m ( I I ) . This compound was obtained  
from Dr. Budhadev Sen o f  Louisiana S ta te  U n iv e r s ity  (3 7 ) .  I t  was sub­
limed at 90° C at 0 .2  mm o f  mercury. The w hite sublim ate melted at 
108° C. This i s  in agreement with the values reported in the l i t e r a ­
tu re  ( 2 0 ,3 8 ) .
B i s - ( a c e t y la c e t o n o ) c o b a l t ( I I ) . The p r e c ip i t a t e  was washed 
with water and a ir  dried . I t  was sublimed at 120° C at 0 .2  mm of  
mercury. The sublim ate was c o l l e c t e d  on a co ld  f in g e r  maintained at
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approximately 20° C.
The a ir  dried  m ater ia l that was o r ig in a l ly  p r e c ip ita te d  from 
the water s o lu t io n  was l i g h t  pink in c o lo r .  The c o lo r  changed to  ruby 
red when the  m ater ia l was heated to  80° C at 0 .2  mm o f  mercury. The 
co lo r  o f  the su b lim ate , c o l l e c t e d  during the p rev io u s ly  mentioned sub­
lim a tio n , was a lso  ruby red.
Gach (21) has reported s im ila r  c o lo r  v a r ia t io n  fo r  the  
preparations o f  c o b a lt  a ce ty la ce to n a te  in chloroform , acetone and 
ethan o l. The compound prepared in  chloroform was ruby red , in  acetone  
b r igh t red and in  a lcohol a l i g h t  pink. He showed by a n a ly s is  th at  
two m olecules o f  so lv en t  were found to  be coordinated with the metal 
c h e la te  compound when acetone or a lcohol were used and none when 
chloroform was used. Gach a lso  reported a ruby red sublim ate which had 
a com position corresponding to  the formula (Co (CsHjC^. I t  would be 
reasonable to  assume th a t  the l i g h t  pink compound was a dihydrate which 
dehydrated at 80° C and then sublimed at 120° C. There were no m elting  
poin ts  reported in the l i t e r a t u r e .  Only a gradual darkening, in d ica t in g  
decom position , could be observed in the v i c i n i t y  o f  200° C when a melting  
poin t determ ination was attempted. S in ce  the p ro p er t ie s  o f  the sublimed  
m ater ia l matched th ose  described  by Gach ( 2 1 ) ,  the m ater ia l was used 
for  th ese  s tu d ie s  w ithout any fu rth er  c h a r a c te r iz a t io n .
In view o f  modern coord ination  th eory , the formation o f  the  
so lv a te d  compounds can be exp la in ed . S in ce  th e  coord ination  number o f  
th e  C o(II)  ion i s  s i x ,  the formation o f  a n eu tra l inner complex with  
acety la ce to n e  could only u t i l i z e  four coord ination  p o s i t io n s .  I t  would 
be p o s s ib le  fo r  two m olecules o f  water or o ther  so lv en t  to  coordinate
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in th e  two open p o s i t io n s .  Other so lv a te d  compounds were encountered  
in th e  preparations d escr ib ed  below. The above d is c u s s io n  ap p lie s  to  
them as w e l l .
B i s - ( a c e t y la c e t o n o ) c o p p e r ( I I ) . The compound had been 
prepared by Dr. Jacob S trasn er  (1 0 a )  and had been s to red  fo r  s e v e r a l  
y e a rs .  The preparation  was s im i la r  to  th o se  already d escr ib ed . The 
blue c r y s t a l l i n e  m ater ia l was r e c r y s t a l l i z e d  from benzene and d r ied  at 
110° C b e fore  use in  th e s e  s t u d ie s .  There were no m eltin g  p o in ts  
reported in  th e  l i t e r a t u r e .  Sidgwick (3 8 )  reports  decom position above 
230° C. This was observed in  attempts to  determine m eltin g  p o in ts .
The m ater ia l appeared to  undergo slow  decom position ( in d ic a te d  by a 
gradual darkening) above 230° C. S in ce  the p r o p e r t ie s  o f  the re­
c r y s t a l l i z e d  m a ter ia l matched th o se  descr ib ed  in  th e  l i t e r a t u r e  
( 3 8 ,4 1 ) ,  the m a ter ia l  was used fo r  th ese  s tu d ie s  without any fu rth er  
c h a r a c te r iz a t io n .
T r i s - ( a c e t y l a c e t o n o ) i r o n ( l l l ) . The red p r e c ip i t a t e  was 
washed w ith  w ater and a lco h o l and r e c r y s t a l l i z e d  from a b so lu te  a lc o h o l .  
The use o f  water in the  r e c r y s t a l l i z a t i o n  was avoided, because th ere  
were in d ic a t io n s  o f  hydroysis  when r e c r y s t a l l i z a t i o n s  using water  
was attempted. S a t i s f a c t o r y  m ater ia l was a lso  obtained by sublim ing  
the m a ter ia l at 80° C at 0 .2  -  0 .5  mm o f  mercury. A t r a n s i t io n  from 
s o l i d  to  l iq u id  was observed at 179-180° C. The m eltin g  p o in t  reported  
in  th e  l i t e r a t u r e  was 179° C ( 3 8 ) .
B is (a c e ty la c e to n o )m a n q a n e se (I I ) . This compound was prepared  
according to  a method reported by Emmert, j?t j i l  ( 1 7 ) .  The preparation  
must be done in a n itrogen  atmosphere. An excess  amount o f  a 5%
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s o lu t io n  o f  manganous n i t r a t e  was mixed w ith  a c e ty la ce to n e  in a g l a s s -  
stoppered f la s k .  The f la s k  was swept w ith  n itrogen  and 10% sodium 
hydroxide s o lu t io n  was added d rop-w ise , w ith  shak in g , u n t i l  the  
formation o f  a y e llow  p r e c ip i t a t e .  This y e llo w  m a ter ia l  was probably  
the hydrated compound, prepared by Emmert, e t  ^1 ( 1 7 ) .  The p r e c ip i ­
t a t e  was c o l l e c t e d  and washed w ith  sparing amounts o f  w ater , fo llow ed
by e th a n o l ,  then dried  in  n itro g en  stream.
I f  th e  m oist p r e c ip i t a t e  was l e f t  s tand ing in a i r ,  a brownish
m a ter ia l  would form. This brownish m ater ia l was presumably produced 
by th e  fo l lo w in g  r ea c t io n s:  The h y d ro ly s is  o f  th e  p r e c ip i t a t e  by
m oisture produced hydrated manganous oxide which, in tu rn , was a ir  
o x id ize d  to  manganic o x id e . The hydrated manganic ox ide was pre­
sumably the brownish m a te r ia l .  The n itrogen  d r ied  m a te r ia l ,  however, 
appeared s t a b le .
The hydrated compound when heated to  50° C at reduced 
p ressure  turned w h ite . The conversion  o f  the y e llo w  hydrated compound 
to  the  w h ite  m a ter ia l was a lso  observed when the hydrated compound was 
l e f t  s tand ing  in a calcium  c h lo r id e  d e s s ic a t o r  f o r  s e v e r a l  days. No 
d e s c r ip t io n  o f  th e  w hite  m a ter ia l could be found in the l i t e r a t u r e .  
A nalys is  fo r  manganese in  the w h ite  m a ter ia l gave 21 .70  %. The va lue  
c a lc u la te d  fo r  th e  formula, (MnCCgH*^^!’ i s  21 .70  %. No m eltin g  or 
sharp decom position was observed even as high as 290° C.
Bis-C a c e t y la c e t o n o ) n ic k e l ( I I ) . The green p r e c ip i t a t e  formed 
more s lo w ly  than th e  o th er  compounds. A good y i e l d  was obtained by 
allow in g  the m ixture to  stand o vern igh t. The p r e c ip i t a t e  was washed 
with ethan ol and water and d r ied  fo r  s e v e r a l  hours at 50° C at a
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reduced pressure  o f  approxim ately 0 -5  mm o f  mercury.
Gach (2 1 )  descr ib ed  th e  preparation  o f  n ic k e l  a c e ty la ce to n e .  
He reported  th a t  the compound had a m eltin g  p o in t  o f  228° C and b o i led  
undecomposed at 220-235° C at, 11 mm o f  mercury. These p h y s ic a l  
p r o p e r t ie s  were not observed fo r  th e  m a ter ia l prepared in t h is  labora­
to ry . The m a ter ia l prepared in t h i s  laboratory  began to  darken at 
approxim ately 230° C and grad u a lly  became darker as the temperature 
was r a is e d .  At approximately 290° C, there  was a t r a n s i t io n  from s o l i d  
to  l iq u id .  A nalys is  o f  th e  prepared m ater ia l fo r  n ic k e l  gave 22 .85  %. 
The va lue  c a lc u la te d  fo r  th e  formula, ^ ( 0 5 ^ 0 2 ) 2 ] > was 22 .85  % n ic k e l .
T r is - ( a c e ty l t r i f lu o r o a c e to n o )a lu m in u m (I I I ) . The w hite  pre­
c i p i t a t e  was washed w ith  water and a ir  d r ied . The product was p u r i­
f i e d  by sublim ing at 100° C at a pressu re  o f  0 .5  mm o f  mercury. The 
sub lim ate  was c o l l e c t e d  on a co ld  f in g e r  maintained at approximately  
20° C. The m eltin g  po in t  was found to  be 117° C. S ta n ifo r th  (4 1 )  has 
reported a m e lt in g  po in t o f  117° C.
B is - ( a c e t y l t r i f lu o r o a c e t o n o ) b e r y l l iu m ( I I ) . The method o f  
preparation  used fo r  t h i s  compound i s  th e  same as th a t  reported by 
S ta n ifo r th  ( 4 1 ) .  A c e ty l t r i f lu o a c e to n e  was suspended in  water and 6N 
ammonium hydroxide added u n t i l  th e  ketone d is s o lv e d .  This s o lu t io n  
was added to  an excess  o f  a 5 % bery llium  s u l f a t e  s o lu t io n  and shaken. 
The p r e c ip i t a t e  was c o l l e c t e d  and washed w ith  water and a ir  d r ied .
The product was p u r i f ie d  by sublim ing at 100° C at a pressure  o f  0 .5  mm 
o f  mercury. The sublim ate was c o l l e c t e d  on a co ld  f in g e r  m aintained at 
approxim ately 20° C. The sub lim ate  melted at 112° C. S ta n ifo r th  has 
reported a m eltin g  p o in t  o f  112° C.
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B is —C a c e ty l t r i f lu o r o a c e t o n o )c o b a l t ( I I ) . The p r e c ip i t a t e  
was washed with water and a ir  dried . I t  was presumed that the product 
was hydrated and attempts were made to  dehydrate by heating  at reduced 
pressure at 50° and 100° C. A nalysis  o f  the m ater ia l for  c o b a lt  gave 
v a r ia b le  r e su lt s  fo r  a number o f  samples. No r e s u l t  agreed favorably  
with the c a lcu la te d  percentage o f c o b a lt ,  e i t h e r  fo r  the anhydrous 
formula, [Co(C5 H4 0 2 F3 ) ^ ; or the hydrated formula [0 0 ( 0 5 1 *4 ( ^ 3 ) 2 ^ 2 0 ) 2 ] 
These r e s u l t s  in d ica ted  th at decomposition was accompanying the attempt­
ed dehydration.
Sublimation at reduced pressure  o f  the presumably hydrated 
m ater ia l y ie ld e d  only very sm all q u a n t it ie s  o f  sublim ate and r e la t iv e l y  
la rg e  q u a n t i t ie s  of residu e  remained.
These r e s u lt s  in d ica ted  that t h i s  compound was too  unstable  
fo r  a study of i t s  v o l a t i l i t y  fo r  which i t  was being prepared. A lso ,  
no reports o f  t h i s  compound could be found in th e  l i t e r a t u r e .  There­
fo r e ,  no fu rth er  attempts to  obta in  a pure anhydrous compound were made.
B is - ( a c e t y l t r i f lu o r o a c e t o n o ) c o p p e r ( I I ) . This m ater ia l was 
obtained from the preparative  procedure descr ibed  above for  a c e t y l t r i -  
f lu o ro a ce to n e . The product was r e c r y s t a l l i z e d  from benzene and dried  
at reduced pressure o f  approximately 0 .5  mm o f  mercury at 110° C. 
S ta n ifo r th  (41 )  reported a m elting  point o f  189° C. The m ater ia l  
prepared fo r  t h i s  study showed a tr a n s i t io n  from s o l id  to  l iq u id  at 
200° C. This temperature was a lso  observed fo r  m ater ia l th a t  had 
been sublimed at 95° C at 0 .5  mm o f  mercury. A nalysis  o f  the sublim ate  
fo r  copper gave 17.26 %. The value c a lc u la te d  fo r  the formula 
[bu(C5H402F3)23 was 17.19 % copper.
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T r i s - C a c e t y l t r i f lu o r o a c e t o n o ) lr o n ( I I I ) . The p r e c ip i t a t e  was c o l l e c t e d ,  
washed w ith  water and a lc o h o l ,  r e c r y s t a l l i z e d  from petroleum ether  
( b o i l in g  range, 40°-60° C) and dried  at 50° C at reduced p ressure  o f  
approximately 0 .5  mm o f  mercury. A t r a n s i t io n  from s o l i d  to  l iq u id  was 
observed at 115° C. No report o f  the i s o la t io n  o f  a c r y s t a l l i n e  
m ater ia l could be found in  the l i t e r a t u r e .  A nalysis  fo r  iron gave
10.84 %. The value c a lc u la te d  fo r  the formula, ^Fe(C5 H4 0 2 F3 )^  was
10.84 %.
B is - (a c e ty ltr i f lu o r o a c e to n o )m a n q a n e s e ( I I ) . The p r e c ip i t a t e  
was washed with water and dried  in a stream o f  n itrogen  ( s e e  b i s -  
( acety lacetono)m anganese(II) . Presumably,, the product was hydrated 
and dehydration was attempted at 5 0 ° ,  75° and 100° C. A nalysis  o f  the  
m ater ia l fo r  manganese gave v a r ia b le  r e s u l t s  and the r e s u l t s  d id  not 
agree favorab ly  with the c a lc u la te d  percentage o f  manganese, e i t h e r  for  
th e  formula o f  the  anhydrous compound, , or for  the
formula o f  the hydrated compound, [Mn(C5 H4 0 2 F3 ) 2 -(H2 0 ) 2 Ĵ As in the  
case  o f  b i s - a c e t y l t r i f lu o r o a c e t o n o  c o b a l t ( I I ) ,  the r e s u l t s  in d ica ted  
th a t  decomposition accompanied attempted dehydration. This compound 
was a lso  excluded from th e  v o l a t i l i t y  study.
B i s - ( a c e t y l t r i f l u o r o a c e t o n o ) n i c k e l ( I I ) . The green p r e c ip i ta te  
was washed w ith  water and a ir  d r ied . Bepeated attempts at r e c r y s t a l l i ­
z a t io n  from benzene f a i l e d  to  y i e l d  a s a t i s f a c t o r i l y  pure product. 
Sublim ation at 150° C at 0 .5  mm o f  mercury produced a sublim ate which 
analyzed at 16 .10  % n ic k e l .  The value c a lc u la te d  fo r  the formula, 
^Ni(C5 H4 0 2 F3 ) 2 jwas 16.09 % n ic k e l .  A residu e was l e f t  a f t e r  sublima­
t io n ,  probably r e s u lt in g  from some decom position. No report o f  the  
i s o la t io n  o f  a c r y s t a l l i n e  product could be found in the l i t e r a t u r e .
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No m elting  or sharp decomposition was observed as high as ^95° C. A 
gradually  darkening was observed as the temperature was ra ised  above 
230° C.
T ris-(b en zoy laceton o)a lu m in u m (III) . The white p r e c ip i t a t e  was 
washed w ith  ethanol and w ater, r e c r y s t a l l i z e d  from ethanol and dried  at 
110° C. A tr a n s i t io n  from s o l id  to  l iq u id  was observed at 224-225° C. 
Baly and Desch ( 8 ) reported a m elting po in t at 217° C. A nalysis  fo r
aluminum gave 5 .26  %. The c a lcu la te d  value fo r  the formula,
[a K C 1 0 H9 0 2 ) 3 ]  was 5 .28  % aluminum.
B is - ( b en zo y la c e to n o )b er y l l iu m (II) . The w hite p r e c ip i t a t e  was 
washed w ith  water and a lc o h o l ,  r e c r y s t a l l i z e d  from benzene; washed with  
petroleum eth er  (b o i l in g  range, 20°-40° C) and a ir  d r ied . A s a t i s ­
fa c to ry  product was a lso  obtained by subliming at 140° C at 0 .5  mm of  
mercury. The m ater ia l showed a sharp tr a n s i t io n  from s o l id  to  l iq u id  
at 213° C. Booth and P ier ce  (12 )  reported a m elting  po in t o f  211° C.
B is - (b e n z o y la c e to n o )c o p p e r (I I ) . The blue p r e c ip i t a t e  was 
washed with w ater, r e c r y s t a l l i z e d  from ethanol and water and dried  at
110° C. I t  showed a sharp t r a n s i t io n  from s o l id  to  l iq u id  at 197° C.
W islicenus and Stoeber (4 7 )  reported 195°-196° C.
B is - (b e n z o y la c e t o n o )e o b a lt ( I I ) . The l i g h t  red p r e c ip i t a t e  was 
washed w ith  w ater, r e c r y s t a l l i z e d  from ethanol and dried at 50° C at a 
reduced pressure  o f  approximately 0 .5  mm o f  mercury. A sharp tr a n s it io n  
from s o l id  to  l iq u id  was noted at 183° C. Musante (34a) reported a 
m eltin g  p o in t  at 180° C.
T r is - ( b e n z o y la c e to n o ) ir o n ( I I I ) . The red p r e c ip i t a t e  was 
washed with water and a lc o h o l ,  r e c r y s t a l l i z e d  from benzene and
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petroleum e th er  ( b o i l in g  range 20°-40°  C) and dried  at 50° C at a 
reduced p ressu re  o f  approximately 0 .5  mm o f  mercury. A t r a n s i t io n  
from s o l i d  to  l iq u id  was observed at 222°-224° C. W islicenus and 
Stoeber (4 8 )  reported a m elting  p o in t  at 224°-225° C.
B is - ( benzoylacetono)m anqanese(II) . The y e l lo w  p r e c ip i t a t e  
was washed w ith  sm all amounts o f  a lc o h o l ,  then e th e r ,  and d r ied  in  a 
n itrogen  stream. I t  was then d r ied  at 90° C fo r  4 - 6  hours at a 
reduced p ressure  o f  approximately 0 .5  mm o f  mercury. No d e f i n i t e  
c o lo r  change from dehydration was observed as in th e  ca se  o f  
b is -C a ce ty la ce to n o )m a n g a n ese (II ) .  The hydrated compound was reported  
by Emmert, e t  _al, ( 1 7 ) ,  but no report o f  the  anhydrous m ater ia l could  
be found. A n alys is  fo r  manganese gave 14.,52 %. The va lue  c a lc u la te d  
fo r  the form ula, [Mn(0 2 0 8 9 0 2 ) 2 ]> was 14.56 % manganese. No m elt in g  was 
observed. A gradual d i s c o lo r a t io n  was apparent as the temperature was 
r a ised  above 140° C.
B i s - ( b e n z o y la c e t o n o ) n ic k e l ( I I ) . The green p r e c ip i t a t e  formed 
s lo w ly .  A good y i e l d  was obtained upon a llow in g  the  mixture to  stand  
ov ern ig h t.  The p r e c ip i t a t e  was r e c r y s t a l l i z e d  from benzene and dried  
at 50° C a t a reduced p ressure  o f  approximately 0 .5  mm o f  mercury. A 
t r a n s i t io n  from s o l id  to  l iq u id  was noted at 178° C. Musante (34a)  
reported a m e lt in g  po in t at 178° C.
T r is - (b e n z o y ltr i f lu o r o a c e to n o )a lu m in u m (II I ) . The w hite  p rec ip ­
i t a t e  was washed w ith  water and a lc o h o l ,  r e c r y s t a l l i z e d  from benzene  
and petroleum e th er  ( b o i l in g  range 20°-40°  C) and dried  at 50° C. No 
report o f  the i s o l a t i o n  o f  a c r y s t a l l i n e  product could be found in the  
l i t e r a t u r e .  A n alys is  fo r  aluminum gave 3 .9 9 7  %. The va lue  c a lc u la te d
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fo r  the formula,QnCCjQH^OoFg)^, was 4 .012  %. The product showed a 
t r a n s i t io n  from s o l i d  to  l iq u id  at 173°-174° C.
B is - (b e n z o y l tr i f lu o r o a c e to n o ) b e r y l l iu m ( I I ) . The w hite pre­
c i p i t a t e  was washed with w ater, r e c r y s t a l l i z e d  from ethanol and dried  
at a reduced pressure o f  approximately 0 .5  mm of mercury at 50° C. No 
report o f  the i s o la t io n  o f  a c r y s t a l l i n e  product could be found in the  
l i t e r a t u r e .  Attempts to  analyze the m ater ia l fo r  beryllium  gave low 
and e r r a t ic  r e s u l t s .  A sample was sen t to  G e lle r  M icroanalytica l  
L a b orator ies ,  Bardonia, New York, fo r  carbon and hydrogen analyses.
Low and e r r a t ic  r e s u l t s  were a lso  obtained.
The rea c tio n  o f  b e n z o y ltr if lu o ro a ce to n e  with an aqueous 
s o lu t io n  o f  bery llium  s u l f a t e  had produced a white c r y s t a l l i n e  pre­
c i p i t a t e  which was e a s i l y  c r y s t a l l i z e d  from a lco h o l.  I t  was f e l t  th at  
the product had p o s s ib ly  been obtained and th at the low and e r r a t ic  
analyses r e su lted  from the f a i l u r e  o f the a n a ly t ic a l  techn iq ues. Time 
was not a v a i la b le  to  develop the necessary  a n a ly t ic a l  techniques fo r  
c h a r a c ter iz a t io n  o f  th e  product. So, the product was used in th is  study  
without c h a r a c te r iz a t io n .  The m ater ia l showed a t r a n s i t io n  from s o l id  
to  l iq u id  at 143°-144° C.
B is - (b e n z o y l tr i f lu o r o a c e to n o ) c o b a ltC lI ) . The y e llow  precip i^  
t a t e  was washed w ith  w ater, r e c r y s t a l l i z e d  from a lcoh o l and water and 
dehydrated by h eatin g  at 85° C at a reduced pressure  o f  0 .2  mm o f  
mercury. No report o f  the i s o la t io n  o f  a c r y s t a l l i n e  product could be 
found in  th e  l i t e r a t u r e .  A nalysis  fo r  co b a lt  gave 12.00 %. The value  
fo r  the formula, ^Co(C1 qH 0̂ 2 F,3 )^> was 12.04 %. The product showed a 
t r a n s i t io n  from s o l id  to  l iq u id  at 158° C.
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B is-C b en z o y ltr if lu o ro a c e to n o )c o p p er (I I ) . This compound was 
prepared in conjunction with the preparation o f  b e n z o y ltr if lu o r o a ce to n e  
described  above. The product showed a t r a n s i t io n  from s o l id  to  l iq u id  
at 241° C. Eein and Calvin (3 5 )  reported a m elting po in t  at 243°-244°C.
T r i s - ( b e n z o y l t r i f lu o r o a c e t o n o ) ir o n ( I I I ) . The red p r e c ip i t a t e  
was washed with water and a lc o h o l ,  r e c r y s t a l l i z e d  from petroleum eth er  
( b o i l in g  range, 40°-60° C) and dried at reduced pressure at 50° C.
No report o f  the i s o la t io n  o f  a c r y s t a l l i n e  product could be found in  
the l i t e r a t u r e .  A nalysis fo r  iron gave 8.021 %. The value c a lcu la te d  
fo r  the formula, (jeCC-^QH^^Fg)-^ , was 7 .964 %. A tr a n s i t io n  from 
s o l id  to  l iq u id  was noted at 128°-129° C.
B is - (b e n z o y ltr if lu o ro a ce to n o )m a n q a n ese (II ) . The y e llow  pre­
c i p i t a t e  was washed w ith  water and r e c r y s t a l l i z e d  from ethanol and de­
hydrated at a reduced pressure o f  approximately 0 .5  mm of mercury at 
85° C. No report o f  the i s o la t io n  o f a c r y s t a l l i n e  product could be 
found in th e  l i t e r a t u r e .  A nalysis  for  manganese gave 11.36 ° .  The 
value  c a lc u la te d  fo r  th e  formula, jMn(Cio^ 6 ^2 F3 ^2 j ’ was 11 .32  %. A 
A tr a n s i t io n  from s o l id  to  l iq u id  was noted at 129°-130° C.
B is - ( b e n z o y l t r i f lu o r o a c e t o n o ) n ic k e K lI ) . The green p r e c ip i ­
ta t e  formed s lo w ly . I t  was washed with water, r e c r y s t a l l i z e d  from 
ethanol and benzene and dried at reduced pressure  at 55° C. No report  
o f  the i s o la t io n  o f c r y s t a l l i n e  product was found in  the l i t e r a t u r e .  
A nalysis  for  n ick e l  in t h i s  product gave 11.12 %. The value c a lc u la te d  
for  the formula o f  the dihydrate compound^NKC^H^^Fg) 2(H2° ) 2]  , was
11.18 %. Attempts to  obtain  an anhydrous m ater ia l by heating at a 
reduced pressure o f  0 .2  mm o f  mercury at 150° C did not appear su c c e s s ­
f u l ,  because the a n a ly s is  for  n ick e l  in d ica ted  th at the hydrated product
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had remained unchanged. Heating at reduced pressure  at 175° C fo r  
s i x  hours produced a m ater ia l th a t  analyzed at 12.05 % n ic k e l .  The 
value  fo r  the anhydrous compound having the formula, [NiCC1 0 H6 0 2 F3 )^  , 
was 12.00 %. A t r a n s i t io n  o f  the anhydrous product from s o l i d  to  
l iq u id  was observed at 223°-224° C.
T r is (2 - fu r o y ltr if lu o ro a c e to n o )a lu m in u m (II I ) . The w hite  per-  
c i p i t a t e  was washed with water and a lc o h o l ,  r e c r y s t a l l i z e d  from benzene 
and petroleum eth er  ( b o i l in g  range, 20°-40° C) and dried  at reduced 
pressure  at 50° C. No report o f  the i s o la t io n  o f  c r y s t a l l i n e  product 
could be found in the l i t e r a t u r e .  A nalysis  fo r  aluminum gave 4 .216  %. 
The value c a lcu la te d  fo r  the formula, [AlCCgHgOgFgJg], was 4 .200  %. A 
t r a n s i t io n  from s o l i d  to  l iq u id  was observed at 204°~205° C.
B is - ( 2 - f u r o y l t r i f lu o r o a c e t o n o ) b e r y l l iu m ( I I ) . The w hite p re -  ' 
c i p i t a t e  was washed with water, r e c r y s t a l l i z e d  from alcohol and dried  
at a reduced pressure o f  approximately 0 .5  mm o f  mercury at 50° C. No 
report o f  the i s o la t io n  o f  a c r y s t a l l i n e  product could be found in the  
l i t e r a t u r e .  A nalysis  fo r  beryllium  gave low and e r r a t ic  r e s u l t s ,  as 
was observed fo r  b is -C b e n z o y ltr i f lu o r o a c e to n o )b e r y l l iu m (II ) .  A sample 
was sen t  to  G e ller  M icroanalytica l L aboratories  fo r  carbon and hydrogen 
an alyses . Low and e r r a t ic  r e s u l t s  were obtained. Time was not a v a i l ­
able  to  develop the  necessary  a n a ly t ic a l  techniques fo r  c h a ra cter iza t io n .  
The m ater ia l was used in the study without c h a r a c te r iz a t io n .  A tra n s-  
s i t i o n  from s o l i d  to  l iq u id  was.observed at 169°-170° C.
B i s - ( 2 - f u r o y l t r i f lu o r o a c e t o n o ) c o b a l t ( I I ) . This m ater ia l had 
been prepared by Dr. W. Berg and s tored  for  sev era l  years . I t  was re ­
c r y s t a l l i z e d  from ethanol and w ater, a ir  dried  and dehydrated by heating  
at a reduced pressure o f  approximately 0 .5  mm o f  mercury at 87°-88°  C 
fo r  three hours. No report o f  the  i s o la t io n  o f  c r y s t a l l i n e  product
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could be found in the l i t e r a t u r e .  A nalysis  fo r  co b a lt  gave 12.51 %.
The value c a lc u la te d  fo r  the formula, [coC C gH ^Fg)^] , was 12.56 % 
c o b a lt .  The product gradually  darkened around 190° C, then a tran­
s i t i o n  from s o l i d  to  l iq u id  was observed over the range 2 l5 ° -2 2 0 °  C.
B is - ( 2 - f u r o y l t r i f lu o r o a c e t o n o ) c o p p e r ( I I ) . This compound was 
prepared as part o f  the preparation o f  2 - f u r o y l tr i f lu o r o a c e to n e  
described  above. A t r a n s i t io n  from s o l i d  to  l iq u id  was observed at 
227°-228° C. Reid and C alvin  (3 5 )  reported 226°-228° C.
T r i s - ( 2 - f u r o y l t r i f lu o r o a c e t o n o ) i r o n ( I I I ) . The p r e c ip i t a t e  
was washed with water and a lc o h o l ,  r e c r y s t a l l i z e d  from benzene and 
vacuum d r ied  at 75° C. No report o f  the i s o la t io n  o f a c r y s t a l l i n e  
product was found. A nalysis  fo r  iron gave 8 .320  %. The value c a l ­
cu la ted  fo r  the  formula, [Fe(C8H2®3F3 \ ]  was % iron . A tran­
s i t i o n  from s o l id  to  l iq u id  was observed at 207°-208° C.
B is-C 2-fu roy ltr if lu oroacetor io )in an gan ese(T I). This m ater ia l  
had been prepared by Dr. E. W. Berg and s tored  fo r  sev era l  y ea rs .  The 
ye llow  m ater ia l was presumably a d ihydrate. I t  was r e c r y s t a l l i z e d  from 
ethanol and w ater , a ir  dried  and dehydrated by heating at a reduced 
pressure  o f  0 .5  mm o f  mercury at 90° C fo r  th ree  hours. The c o lo r  o f  
the m ater ia l changed from y e llo w  to  orange. No report o f  the i s o la t io n  
o f  a c r y s t a l l i n e  product was found in the l i t e r a t u r e .  A nalysis for  
manganese gave 11.74 %. The value c a lc u la te d  for  the formula, 
jllnC CqH^03F 3 ) 2 ] , was 11.81 % manganese. A gradual t r a n s i t io n  from 
s o l id  to  a dark l iq u id  was noted at 146°-149° C.
B is - ( 2 - f u r o y l t r i f lu o r o a c e t o n o ) n ic k e l ( I I ) . This m ater ia l had 
been prepared by Dr. E. W. Berg and s tored  fo r  sev era l  years . I t  was
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r e c r y s t a l l i z e d  from ethanol and water, a ir  dried  at a reduced pressure  
o f  approximately 0 .5  mm of mercury at 50° C. No report o f  the i s o la t io n  
o f  c r y s t a l l i n e  product was found in the l i t e r a t u r e .  A nalysis  fo r  
n ic k e l  gave 11.71 %. The value c a lcu la te d  fo r  the formula, 
[Ni(C 8 H4 0 3 F3 ) 2 CH2 0 ) |  ? was 11.63 % n ic k e l .  The m ater ia l was heated  
at reduced pressure  at 160° C fo r  four hours and a c o lo r  change from 
green to  y e llo w  was observed. A nalysis  for  n ic k e l  gave 12.61 %. The 
value c a lc u la te d  for  the formula, [NifCgH^OgFg)^ was 12 .52  % n ic k e l .
The anhydrous product was observed to  darken around 190° C and change 
gradually  from s o l id  to  l iq u id  at 293°-296° C.
T ris-(2 -T h en oyltr if lu oroaceton o)a lu m in u m C III). The w hite  pre­
c i p i t a t e  was washed w ith  w ater, r e c r y s t a l l i z e d  from ethanol and water  
and dried  at reduced pressure  o f  approximately 0 .5  mm o f  mercury at 
50° C. No report o f  the i s o la t io n  o f  a c r y s t a l l i n e  product was found 
in  the l i t e r a t u r e .  A nalysis  fo r  aluminum gave 3 .880  %. The value c a l ­
cu la ted  fo r  the formula, £ai(CqH4 0 2 F3 S)^| , was 3 .9 0 7  % aluminum. A 
t r a n s i t io n  from s o l i d  to  l iq u id  was observed at 203°-205° C.
B is - (2 - t h e n o y l t r i f lu o r o a c e to n o ) b e r y l l iu m (I I ) . The w hite  pre­
c i p i t a t e  was washed with w ater, r e c r y s t a l l i z e d  from ethanol and dried  
at reduced pressure o f  approximately 0 .5  mm o f  mercury at 50° C. No 
report o f  the i s o la t io n  o f  a c r y s t a l l i n e  product could be found in the  
l i t e r a t u r e .  An attempt was made to  analyze th e  m ater ia l and high and 
e r r a t ic  r e s u l t s  were obtained. A sample was sen t to  G e ller  
M icroanaly tica l L ab orator ies ,  Bardonia, New York, for  carbon and hydro­
gen an a lyses . The r e s u l t s  reported were 43 .28  % carbon and 1 .88  % 
hydrogen. The values c a lc u la te d  for  the formula, [Be(C8 H4 0 2 F3 S>2]  , were
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42 .58  % carbon and 1.786 % hydrogen. A tr a n s i t io n  from s o l id  to  l iq u id  
was observed at l69°-170°  C.
B is - ( 2 - t h e n o y l t r i f lu o r o a c e t o n o ) c o b a l t ( I I ) . The y e llo w  pre­
c i p i t a t e  was washed w ith  w ater, r e c r y s t a l l i z e d  from a lc o h o l ,  a ir  dried  
and f i n a l l y  dehydrated at reduced pressure o f  approximately 0 .5  mm of  
mercury at 50° C. No report o f  the i s o la t io n  o f  a c r y s t a l l i n e  product 
was found in  the l i t e r a t u r e .  A nalysis  fo r  co b a lt  gave 10.90 %. The 
value c a lc u la te d  fo r  the formula, ^CoCCgH^FgS)g(^ ^ 2 ]  ’ was *0.93 % 
c o b a lt .  The m ater ia l was heated for  three  hours at reduced pressure  
at 100° C and analyzed fo r  c o b a lt .  The value determined was 11.69 % 
c o b a lt .  The value c a lc u la te d  fo r  the formula, j^CofCgH^OgFgSjgj, was 
11.76 % c o b a lt .  The anhydrous m ater ia l was observed to  darken at 
approximately 200° C and change from s o l id  to  a dark l iq u id  at 215° C.
B is - (2 - t h e n o y lt r i f lu o r o a c e to n o ) c o p p e r ( I I ) . This m ater ia l was 
prepared by Dr. E. W. Berg and stored  fo r  sev era l  y ears . I t  was re ­
c r y s t a l l i z e d  from ethanol and water and dried at reduced pressure o f  
approximately 0 .5  mm o f  mercury at 50° C. A tr a n s i t io n  from s o l id  to  
l iq u id  was observed at 242°-243° C. Reid and Calvin (35 )  reported a 
m elting po in t at 242°-243° C.
T r i s - ( 2 - t h e n o y l t r i f lu o r o a c e t o n o ) ir o n ( I I I ) . The red p r e c ip i ­
t a t e  was washed with water and a lc o h o l ,  r e c r y s t a l l i z e d  from petroleum  
ether  ( b o i l in g  range, 40°-60° C) and dried at reduced pressure at 50° C. 
No report o f  the i s o la t io n  o f  a c r y s t a l l i n e  product was found in the  
l i t e r a t u r e .  A nalysis  for  iron gave 7 .700 %. The value c a lcu la te d  for  
the formula, ^Fe(C8 H4 ° 2 Fgs ) gj , was 7 .763 %, A tr a n s i t io n  from s o l id  to  
l iq u id  was observed at 159°-160° C.
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B is - (2 - th e n o y ltr if lo r o a c e to n o )m a n q a n ese (II ) . This m ater ia l  
was prepared by Dr. E. W. Berg and stored  for  sev e r a l  years . I t  was 
r e c r y s t a l l i z e d  from ethanol and w ater, a ir  dried and dehydrated at 
reduced pressure  o f  approximately 0 .5  mm of mercury at 90° C for  three  
hours. A change from ye llow  to  orange was observed. No report o f  the  
i s o la t io n  o f a c r y s t a l l i n e  product could be found in the l i t e r a t u r e .  
Analysis fo r  manganese gave 11.10 %. The value c a lc u la te d  fo r  the  
formula, , was 11.05 %. A tr a n s i t io n  from s o l id  to
l iq u id  was observed at 177°-179° C.
B is - (2 - t h e n o y l t r i f lu o r o a c e to n o ) n ic k e lC lI ) . The green pre­
c i p i t a t e  was washed with w ater, r e c r y s t a l l i z e d  from ethanol and water  
and a ir  d r ied . No change in appearance was noted u n t i l  the m ateria l  
was heated at reduced pressure  o f  0 .2  mm of mercury to  180° C. At t h i s  
temperature, the  co lo r  changed from green to  ye llow . Heating at reduced 
pressure at 180° C was continued fo r  f iv e  hours. No report o f  the  
i s o la t io n  o f  a c r y s t a l l i n e  m ater ia l could be found in the l i t e r a t u r e .  
Analysis o f  the green product gave 10.80 % n ic k e l .  The value c a lcu ­
la te d  fo r  the formula, ^NiCC0 Ĥ O2 FgS)2 CH2 O)2 j j was 10.72 %. A nalysis  
o f  the y e llo w  product gave 11 .52  % n ic k e l .  The value c a lcu la te d  for  
the formula, [N i(C 0 H4 O2 F3 S ) ^J, was 11.49 %. A gradual t r a n s i t io n  from 
s o l i d  to  l iq u id  was observed at 2 9 l° -2 9 5 °  C.
3 . A n a ly t ica l  Methods
A compound was accepted for  vapor pressure  temperature s tu d ies  
i f  the m elting  po in t (o r  t r a n s i t io n  p o in t)  agreed with the value in  the  
l i t e r a t u r e .  Most o f  the m elting poin ts  reported in the l i t e r a t u r e  were
24
probably sharp decom position p o in t s .  The excep tion s  were the  bery lliu m  
and aluminum d e r iv a t iv e s  o f  a c e ty la ce to n e  and a c e t y l t r i f lu o r o a c e t o n e  
which apparently have tru e  m eltin g  p o in ts .  The p h r a s e ," tr a n s it io n  
from s o l i d  to  l iq u id " ,  was used to  in d ic a te  th e  observed t r a n s i t io n  
which are q u es t io n a b le  m eltin g  p o in ts .
I f  the m eltin g  p o in t  or t r a n s i t io n  p o in t  did not agree w ith  
th e  l i t e r a t u r e  va lue  or i f  no report o f  th e  compound was found in th e  
l i t e r a t u r e ,  th e  compound was analyzed fo r  th e  metal co n ten t .  Reason­
ab le  agreement between the experim ental percentage and the c a lc u la te d  
percentage o f  the metal con ten t  in th e  compound was considered  adequate  
proof o f  the  compound. Methods o f  a n a ly s is  are d escr ib ed  below.
S evera l methods were used fo r  the an a lyses  o f  the metal content  
o f  the c h e la te  compounds descr ib ed  in th e  preceeding s e c t io n .  The 
fo l lo w in g  i n i t i a l  treatm ent was used on a l l  compounds: An a ccu ra te ly
weighed 50-100 mg sample o f  th e  dry product was tr e a ted  w ith  10-20 ml 
o f  aqua r eg ia .  D estru ct io n  o f  th e  c h e la te  compound was u s u a l ly  complete 
a f t e r  one or two hours i f  the  mixture was allowed to  stand at room 
temperature. However, d e s tr u c t io n  was hastened by h ea tin g  th e  mixture  
to  6 0 °-7 0 °  C. A fter  d e s tr u c t io n  o f  th e  compound was com pleted, the  
f la s k  was coo led  to  room temperature and the s o lu t io n  handled in th e  
various manners descr ib ed  below.
The a n a ly s is  o f  aluminum, co b a lt  or n ic k e l  was c a rr ie d  out as 
fo l lo w s :  F ive to  ten  ml o f  concentrated  s u l f u r i c  acid were added
s lo w ly  along with s e v e r a l  g la s s  beads. The con ten ts  o f  th e  f la s k  
were brought g e n t ly  to  a b o i l  and evaporated to  fumes o f  s u l fu r  t r io x id a  
The f la s k  was coo led  to  room temperature and th e  volume adjusted  to
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approximately 25 ml with water. A t i t r im e t r ic  method devised  by 
Sen (3 7 )  was then u t i l i z e d .  A known excess o f  standard disodium 
e th y len ed iam in ete traceta te(d isod iu m  EDTA) was added. S o l id  ammonium 
a ce ta te  was then added to  b u ffe r  the so lu t io n  to  a pH o f  approxi­
mately 6 . (Note: The add ition  o f  s u l fu r ic  acid and the evaporation
to  fumes o f  s u l fu r  tr io x id e  was done to  remove excess  n i t r i c  acid  
from the sample. This was necessary because upon th e  add ition  o f  
ammonium a ce ta te  to  samples which had not had s u l fu r ic  acid added and 
had been evaporated to  fumes o f  SOg, a brow nish-yellow  c o lo r  formed 
which obscured the end po in t described  below.) F ive ml o f  a saturated  
s o lu t io n  o f  ammonium th iocyan ate  were added and a volume o f  acetone  
equal to  the volume o f  aqueous s o lu t io n  in the f la s k .  The mixture was 
t i t r a t e d  w ith  a cob a lt  n i t r a t e  s o lu t io n ,  whose disodium EDTA t i t e r  had 
been p rev io u s ly  determined by th is  same t i t r im e t r i c  method, u n t i l  a 
d e f i n i t e  f a in t  b lue co lo ra t io n  was v i s i b l e .  The amount o f  standard  
disodium EDTA, equ iva len t to  the metal p r e se n t ,  was determined by 
su b tra c tin g  the amount o f  disodium EDTA, eq u iva len t  to  the cob a lt  
n it r a t e  required , from the known excess  o f  disodium EDTA added. In 
the  case  o f  aluminum, the disodium EDTA was standardized aga in st  a 
standard aluminum s o lu t io n .
The a n a lys is  o f  the c h e la te  compounds o f  manganese was ca rr ied  
out -as fo l lo w s:  The s o lu t io n  was d i lu te d  to  approximately 25 ml with
water. A t i t r im e t r i c  method devised  by Schwarzenbach, Biedermann and 
Bangerter (3 6 )  was used. A known excess o f  standard disodium EDTA was 
added to  the s o lu t io n .  The excess  acid was n e u tra l ized  with concen­
tra ted  ammonium hydroxide and the s o lu t io n  bu ffered  to  a pH o f  10 with  
an ammonia-ammonium ch lo r id e  b u ffer .  Ten drops o f  a 4 % a lco h o lic
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s o lu t io n  o f  Eriochromeschwarz-T in d ic a to r  was added and t h e  excess  
disodium EDTA t i t r a t e d  w ith  a standard zinc s o lu t io n  u n t i l  a f a in t  
t in g e  o f  red was apparent in the blue s o lu t io n .  The amount o f  standard  
disodium EDTA, equ iva len t to  the manganese p r e se n t ,  was determined by 
su b trac tin g  th e  amount o f  disodium EDTA, eq u iva len t to  the amount o f  
z inc  s o lu t io n  . added, from th e  known excess o f disodium EDTA added.
The a n a ly s is  o f  the c h e la te  compounds o f  iron was ca rr ied  out 
as fo l lo w s:  One ml o f  sa tu rated  s o lu t io n  o f  s u l f o s a l i c y l i c  acid was
added to  the s o lu t io n .  The pH was adjusted to  2 with 10 % sodium 
hydroxide and t i t r a t e d  with a standard s o lu t io n  o f  disodium EDTA u n t i l  
the wine red co lo r  was d ischarged (4 2 ) .  The disodium EDTA s o lu t io n  
was standardized against a standard ir o n ( I I I )  s o lu t io n .
The a n a ly s is  o f  the c h e la te  compounds o f  copper was carr ied  
o u t ,  with m o d if ic a t io n s ,  according to  the method described  by K o lth o ff  
and San dell (2 7 )  as fo l lo w s:  The so lu t io n  was evaporated to  near
dryness and d i lu te d  to  25 ml w ith water. One gram o f  urea was added 
and the so lu t io n  b o i led  fo r  one minute. D i lu t e  ( 1 : 1 )  ammonium hydroxide 
was added u n t i l  the b lue c o lo r  o f  the copper-ammonia complex formed;
5-10 ml o f  6 N a c e t ic  acid was then added and the so lu t io n  d i lu te d  to  
50 ml with water. Three grams o f  potassium io d id e  was added and d i s ­
so lv ed . The l ib e r a te d  io d in e  was t i t r a t e d  w ith  standard t h io s u l f a t e  
s o lu t io n .
The a n a ly s is  o f  the c h e la te  compounds o f beryllium  were 
carr ied  out as fo l lo w s:  F ive ml o f  concentrated s u l f u r ic  acid was
added and the so lu t io n  evaporated to  fumes o f  s u l fu r  tr io x id e .  A 
spectrophotom etric method reported by Meeks and Banks (31) was then
used. The s o lu t io n  was tra n sferred  to  a 100 ml volum etric f la s k . .  Ten 
ml o f  a 0 .0 1  M s u l f o s a l i c y l i c  acid so lu t io n  was added and the pH 
adjusted to  9 .2  -  10.8  with concentrated ammonia hydroxide. Water 
was added to  the mark. The absorbancy was determined at 317 m i l l i ­
microns using a Beckmann Model DU spectrophotometer. A standard curve 
was prepared by t h i s  method, using a so lu t io n  o f  beryllium  s u l f a t e  
which had been standardized by p r e c ip i ta t in g  the beryllium  as the  
hydroxide, ig n i t in g  the p r e c ip i t a t e  and weighing as beryllium  oxide .
4 . Experimental Procedures
Vapor Pressure-Temperature Measurements. Vapor p ressu re-  
temperature data were obtained by u t i l i z i n g  a technique proposed by 
Smith and Menzie (4 0 )  and m odified by Booth and Halbedel (1 1 ) .  The 
apparatus used i s  shown d ia g ra m a tica l ly  in Figure 1 . I t  was con­
s tr u c ted  mainly out o f  pyrex g la s s .  Some heavy w all  rubber tubing  
was used at sev era l  p laces  to  connect various parts  o f  the apparatus. 
Glass to  rubber connections were made vacuum-tight by. cementing them 
with a commercially a v a i la b le  cement known as ’’S e a l i t " .  A vacuum in 
the order o f  0 .2  -  0 .5  mm o f  mercury was obtained by using a standard  
o i l  type vacuum pump. The part in d ica ted  by E was constructed  out of  
7 mm o u ts id e  diameter pyrex g la s s  tubing. The tubing was shaped as 
shown, with a tear-shaped bulb (approxim ately 15 -  20 ml cap ac ity )  
sea led  on at D. The s t r a ig h t  v e r t i c a l  p ortion s  o f  the  U-trap were 
approximately 50 mm long and were a ligned  p a r a l l e l  to  one another.
A sample tube (approxim ately 8  cm lo n g ) ,  conta in ing  the s o l id  

















FIGURE 1 , A p p ara tu s  f o r  th e  D e te rm in a tio n  o f  V apor
P re s s u re  a s  a  F u n c tio n  o f  
T em pera tu re
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was taken to  introduce the sample in to  the tube through a sm all funnel  
so th at sample m ater ia l would not adhere to  the area where the s e a l  was 
made and thus would not be decomposed by th e  heat o f  th e  s e a l in g  flame.)  
D egassing was ca rr ied  out by flaming the part o f  the apparatus not con­
ta in in g  the sample, heating the mercury in the bulb to  b o i l in g  and 
immersing the part conta in ing  th e  sample in a 50° C water bath.
While open to  vacuum, part E was t i l t e d  to a llow  the mercury 
in  D to  f i l l  th e  U-trap to  l e v e l  B and C. A pressure  reading was 
immediately taken with a "Vacustat" (a  McLeod type pressure gage,  
manufactured by Edwards High Vacuum, L td . ,  Crowley, Su ssex , England; 
Patent Number -  681 ,195) in order to  determine th e  p ressure  o f  the a ir  
trapped w ith  the sample. A temperature reading was a lso  taken. The 
apparatus was then put in an e l e c t r i c a l l y  heated s i l i c o n e  o i l  bath.
As the temperature was ra ised  to, some d es ired  v a lu e ,  th e  p ressure  in  
the sample tube in creased , and the l e v e l s  o f  mercury in the U-trap  
became unequal. Small d i f fe r e n c e s  in mercury l e v e l s  were measured 
with a cathotom eter, and the pressure o f  the surge tank was read, using  
the V acustat. For la rg er  d i f f e r e n c e s ,  the  pressure  in  the sample tube 
and the surge tank were equalized  by b leed in g  a ir  in to  th e  surge tank 
at F. The mercury le v e l s  in th e  U-trap were then equal. The pressure  
in the surge tank was read from the monometer.
The vapor pressure  o f  the sample was obtained as fo l lo w s:  
l e t ,  Ps = vapor pressure o f  the sample at a temperature t 2 ,
Pt = the t o t a l  pressure  measurement at a temperature t 2  as 
described  above,
P i = the pressure o f  the gas trapped w ith  the sample at a s ta r t in g
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temperature t^ ,
t \  = th e  temperature taken at the tim e th e  U-trap was f i l l e d .
P2  -  th e  pressure  o f  th e  surge tank at th e  time o f  the  measure­
ment o f  Pt  at a temperature T2  
Phg = vapor pressu re  o f  mercury a t t 2 ?
d20°C “ d e n s ity  o f  mercury at 20° C
and d2  = d e n s ity  o f  mercury at a temperature t 2
The mercury in the U-trap was su b jec t  to  changes in d e n s i ty  
as th e  temperature was r a is e d ,  because the U-trap was immersed in  the  
o i l  bath along w ith  th e  sample. T herefore , th e  d i f f e r e n c e s  o f  the  
mercury l e v e l s  in th e  U-trap were corrected  to  a s e le c t e d  re feren ce  
temperature o f  20° C. This c o r r e c t io n  was,
( p . ) d20°C
~ * r
The a i r ,  trapped with the sample, expanded as a r e s u l t  of an in crea se  
in  temperature. The expansion was accounted fo r  by assuming th a t  the  
sim ple  gas law was a p p lic a b le  and th e  expansion was c a lc u la te d  by,
fp ,-k (t2  + 273)
1  Ctx + 273).
S in ce  th e  surge tank was at some ap p rec iab le  p r e ssu r e ,  P2 , 
t h i s  p ressu re  was opposing th e  pressure  in  the sample tube and thus 
was added to  th e  pressu re  measured in  the s ample tube. The vapor 
pressu re  o f  mercury con tr ib u ted  to  the p ressu re  in  the  sample tu b e ,  
and had to  be taken in to  account. The c a lc u la t io n  o f  Pg was made 
assuming th a t  Dalton*s law o f  p a r t ia l  p ressu re  was a p p l ic a b le ,  and was
Ps = CPt )Cd20°C) +  P2  -  CPi)Ct2f273) -  ?Hg 
^2 rt][+273)
Sometimes, at the s t a r t  o f  an experim ent, th e  mercury l e v e l s
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would not be equal, even though the pressure in  the surge tank was 
equal to  the pressure  in the sample tube. A "zero” reading was taken 
and Ps was corrected  as fo l lo w s :  I f  the l e v e l  o f  mercury was higher
on the sample tube s id e  o f  the U -trap , th e  d i f fe r e n c e  was added to  Pg . 
I f  the l e v e l  was higher on the surge tank s i d e ,  th e  d if fe r e n c e  was 
subtracted  from Ps .
Sublim ation Temperature Measurements. A v e r t i c a l  sublim ator  
as shown in Figure 2 was used to  obtain  sublim ation temperature data. 
The apparatus was constructed  out o f  pyrex g la s s .  I t  c o n s is te d  o f a 
water coo led  co ld  f in g e r  in se r ted  in to  a vacuum ja c k e t .  The co ld  
f in g e r  was an inner part o f  a 10/30 standard-taper ground-glass j o i n t  
and th e  vacuum ja c k e t  was the  outer part o f  a 10/30 standard-taper  
ground-glass j o i n t .  The t ip  o f  the co ld  f in g e r  had a f l a t  su r face  at 
angle o f  45° C to  th e  v e r t i c a l .  The t ip  o f  the co ld  f in g e r  was f i l l e d  
with mercury to  provide a mirror background fo r  the f l a t  su r fa ce .
The apparatus was p laced  in a h an d -st irred  o i l  bath and the  
temperature ra ised  at a g iven  ra te  o f  0 .5  degree per minute. The f l a t  
su r face  on th e  t ip  o f  the co ld  f in g e r  was observed through th e  o i l  bath 
with th e  aid o f  a low power m icroscope. The w ater-coo led  co ld  f in g e r  
was maintained at approximately 20° C by c ir c u la t in g  tap water. The 
temperature, at which sublim ate was f i r s t  observed on the f l a t  surface  
o f  the  cold  f in g e r ,  was recorded as the sublim ation  temperature.
Separations by Sublim ation . S evera l sep arations o f  various  
metal compounds were done in  a v e r t i c a l  sublim ator. The design  o f  the  
v e r t i c a l  sublim ator was e s s e n t i a l l y  the same as the cue dep icted  in 





















FIGURE 2 . A ppara tus f o r  th e  O b se rv a tio n  o f  th e  
T em pera tu re  a t  Which S u b lim ate  F i r s t  
A p p ears .
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f in g e r  was in s e r te d  in to  the vacuum ja c k e t  through a t i g h t l y  f i t t e d  
rubber s topp er .
The o i l  bath was heated to  the d es ired  temperature, and main­
ta in ed  at th a t  temperature fo r  a d es ired  len gth  o f  tim e. Both s u b l i -  
mand and sublim ate  were q u a l i t a t i v e l y  analyzed fo r  the  metal in order  
to  determine whether a sep arat ion  had taken p la c e  or not.
Q u a l i ta t iv e  a n a ly s is  was accomplished by a s e r i e s  o f  s e n s i t i v e  
spot t e s t s  d escr ib ed  by F e ig l  ( 1 0 ) .  The sublim ate  was decomposed by 
dripping aqua r e g ia  on th e  co ld  f in g e r .  The s o lu t io n  was c o l l e c t e d  and 
t e s t e d .  Compounds o f  b e ry ll iu m , copper and n ic k e l  were sep arated .  
Q u in a liza r in  was used to  t e s t  fo r  b ery lliu m , dithiooxam ide fo r  copper,  
and dim ethylglyoxim e fo r  n ic k e l .
RESULTS
1. Vapor Pressure ~ Temperature
Check o f  the Method For Measuring Vapor P ressu re . A check o f  
the method fo r  measuring vapor pressure  at various tem peratures, described  
above, was made by measuring the vapor pressure  o f  mercury and o f  benzoic  
a c id . The measurement o f  the vapor pressure  o f  benzoic ac id  was made 
using c r y s t a l l i n e  and molten acid . Sublimed reagent grade benzoic  acid  
and c a r e fu l ly  cleaned mercury was used. The r e s u l t s  obtained using mercury 
are tab u la ted  in Table I I  along with s e le c te d  l i t e r a t u r e  values  (2 3 ) .  The 
r e s u l t s  obtained using  benzoic  acid  are tab u la ted  in  Table i n  along with  
s e le c te d  l i t e r a t u r e  values (2 4 ) .  Pressure versus the rec ip ro ca l  o f  the 
a b so lu te  tem perature(l/T ) are p lo t te d  on sem i-logr ithm ic  paper in  Figure 3 
fo r  mercury.
The p lo t  o f  the logrithm  o f  the vapor pressure versus l /T  was 
done in  accordance with C lasius-Clapeyron equation ( 2 0 ) ,
l09e ps = '  m  * c ’
where Ps = vapor p r essu re ,
f
H = molar heat o f  vaporization  (o r  sublim ation) in  c a l o r i e s ,
R = the gas constant in  ca l/d egree /m ole  = 1 .9 8 7 ,
T = absolute  temperature  
and C = constant
The p lo t s  in  Figure 3 in d ic a te  th at there i s  a reasonable  agree­
ment between the r e s u l t s  obtained and th ose  reported in  the l i t e r a t u r e .
The p lo t s  o f  observed and l i t e r a t u r e  values o f  p ressure  versus 
l /T  fo r  c r y s t a l l i n e  benzoic  ac id  are g iven  in  Figure 4. A s im ila r  p lo t  
fo r  molten benzoic ac id  i s  given in  Figure 5. Reasonable agreement between
34
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TABLE I I .  Observed and L itera tu re  Values (23) o f  the Vapor Pressure.
(PSJ ram o f  Mercury) o f  Mercury at Various Temperatures (C°)
Observed L itera tu re
s s
c° (mm o f  mercurv) C° (mm o f  mercurv)
1 2 0 0.77 1 1 0 ■ 0 .46
147 2.31 130 1.19
1 6 0 5 .00 176 7 .63
170 6 . 0 0 190 12.4
185 1 0 . 1 218 30 .3
195 14.5 242 6 0 .0
205 19 .2
235 4 9 .0
249 7 4 .0
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TABLE I I I .  Observed and L itera tu re  Values (2 4 )  o f  the Vapor Pressure
o f  Benzoic Acid (PSJ mm o f  Mercury) 
at Various Temperatures (C°)
Observed
Ps
c° (mm o f  mercurv)
77 0.36
8 8 0 .69
99 1.18
1 0 2 1.27
115 2 . 6 1
119 4 .66
1 2 0 4.96
1 6 0 36.1
181 80 .0
198 155.
L itera tu re
C° (.mm o f  mercurv)
70 0 . 2 1
85 0 .53
96 1 . 0
1 0 0 1 .25
1 1 0 2.13
132 1 0 . 0
163 4 0 .0
186 1 0 0 . 0























1 0 . 0
1 . 8  2 . 0  2 . 2
l /T  x 10
FIGU.es 3 , • O bserved and L i t e r a t u r e  V alues o f  th e  Vapor 























2 .92 .72 ,5
PIQUES R. O bserved and L i t e r a t u r e  V alue3 o f th e  
Vapor P re s s u re  o f  B enzo ic  A c id (S o lid )  



















, 2 03........   l gg____ 1622 2 7







2 . 0  2 . 1  2 . 2  2 a3 2 04
l / T  x 103
FIGURE 5» O bserved and L i t e r a tu r e  V alues o f  th e  
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th e  observed and l i t e r a t u r e  r e s u l t s  i s  in d ic a te d  fo r  both.
An e s t im a te  o f  th e  p r e c is io n  o f  the pressure  measurements was 
made from a number o f  r e p r o d u c ib i l i ty  checks. The est im ated  p r e c is io n  
was ±  0 . 0 2  mm o f  mercury fo r  the range o f  p ressu res  f o r  which the  ca tho-  
tom eter was used. The est im ated  p r e c is io n  f o r  the range f o r  which the  
manometer was used was ±  1 . 0  mm o f  mercury. A lso ,  some meniscus error  
was p o s s ib le  due to the apparatus. However, the  method was used d e s p ite  
th ese  l im i t a t io n s .  A dm itted ly , techniques with higher p r e c i s io n  and accu­
racy have been reported . However, th ese  are invo lved  and would y i e ld  
con sid erab ly  l e s s  data than the method d e scr ib e d ,  fo r  th e  same amount o f  
e f f o r t .  I t  was f e l t  th a t  th e  cho ice  o f  the  method used was j u s t i f i e d  by 
th e  fo l lo w in g :  A la r g e  number o f  coppounds were to be s tu d ie d ,  which
required  a large  number o f  o b se rv a t io n s .  The technique used was simple  
and allow ed a reasonable  number o f  o b serv a t io n s  to be made in  a p r a c t ic a l  
len g th  o f  tim e. The o b serv a t io n s  were used pr im arily  to e s t a b l i s h  trends  
in  v o l a t i l i t y  and p r e c is io n  was s u f f i c i e n t  to a llow  r e l a t i v e  comparisons 
used in  e s t a b l i s h in g  th ese  tren d s .
Metal C helate  Compounds. The ta b u la t io n s  o f  the  observed vapor 
p ressu res  o f  the metal c h e la te  compounds at various temperatures are given  
in  Table IV, V, VI, V II, V III ,  IX and X. The p lo t s  o f  th e  logarithm  o f  the  
vapor p ressure  versus l /T  are given in  Figures 6 , 7 ,  8 , 9 ,  10 , 1 1  and 12 
fo r  the c r y s t a l l i n e  m a ter ia l .  S im ila r  p lo t s  fo r  th e  molten m ater ia l o f  
th e  compounds b i s - ( a c e t y la c e t o n o ) b e r y l l iu m ( I I ) ,  b i s - ( a c e t y l t r i f lu o r o a c e t o n o )  
alum inum(III) and t r i s - (a c e t y l t r i f lu o r o a c e to n o )a lu m in u m ( I I I ) are given in  
Figure 13. These b ery lliu m  and aluminum compounds were s ta b le  a f t e r  
m e lt in g ,  and th e  vapor p ressu re  at various temperatures fo r  th e  molten  
m ater ia l was determined. However, a l l  o th er  compounds were suspected  o f
TABLE IV. Vapor Pressure-Tem perature Data fo r ^ -D ik e to n e
C helate Compounds o f  Alum inum (III)
AH ATA BA
C° _Ps- C° Ps_ C° Ps_
49 0 .4 7 47 0 .2 4 48 0 .4 0
64 0 .8 7 6 8 0 .6 4 65 0 .5 4
76 1.07 79 0 .7 7 84 0 .8 5
1 0 0 1.63 1 0 1 1.98 I decomp
142 3 .2 8 117 m.p.**** 224 t . p .
1 6 2 4 .0 133 5.39
.1 decomp.** 152 13.8
192 t . p .*** 171 26.6
175 34.
2 0 0 8 0 .
205 1 0 0 .
223 178.
BTA FTA TTA
C° P s_ C° P s_ C° Ps
46 0 . 2 1 45 n e g l ig ib le 69 0 .42
6 8 0 .6 7 6 0 0 .3 2 1 0 2 1 . 2 1
70 1.05 + decomp. 1 2 1 2.95
115 8.09 203 t . p . 150 8 .4 5
- * decomp. * decomp.
174 t . p . 203 t .p .
* vapor pressure in mm o f  mercury 
** suspected  i n i t i a t i o n  o f  decomposition  
*** t r a n s i t io n  from s o l i d  to  l iq u id  
%*** m elting  po in t
>e>.
TABLE V. Vapor Pressure-Tem perature Data fo r /? -D ik eto n e
C helate Compounds o f  B e r y lliu m (II )
M ATA BA BTA FTA TTA
c°
•I*
PS c° Ps c° Ps c °  Ps C° Ps C° Ps
45 0 .2 6 62 0 .5 0 46 0 .5 4 51 0 .28 60 0 .2 8  49 decomp
6 0 0 .4 5 69 0 .6 2 64 0 .6 4 75 0 .4 2 70 0 .4 4  169 t .p .
78 0 .7 7 81 1 . 0 1 80 1 . 1 8 109 0 .64 106 2 .84
105 2.06 105 1 . 8 6 1 0 2 1.50 139 1.20 158 4 .56
108 m.p.** 1 1 2 m.p. 149 3 .51 144 t .p . 170 t .p .
149 1 1 . 1 133 25 .2 174 4 .04
1 6 1 16. 137 29 .6 decomp.***
193 53. 1 6 1 79. 213 t .p .* * * *
2 0 2 80. 187 194.
236 2 0 6 . 194 241. * vapor pressure in mm o f mercury
** m elting  point
246 264. 2 2 0 487. *** suspected  i n i t i a t i o n  o f  decomposition
**** tr a n s i t io n  from s o l id to  l iq u id
264 431. 231 656.
TABLE VI. Vapor Pressure-Tem perature Data fOr/S’-D iketone
C helate Compounds o f C o b a lt(II)
Ml ATA BA BTA FTA TTA
c°
.b
! £ c°  Ps C° Ps C° Pg_ Co Ps Co , Ps
4,7 0 . 1 2 (u n sta b le ) 46 n e g l ig ib le 59 0 .19 46 n e g l ig ib le 47 0 .46
6 0 0 .3 8 6 8 I t 'J' decomp. 52 63 0 .5 5
75 0 .8 4 79 0 .50 158 t .p . 64 0 .18 78 0 .8 4
8 8 1.71 85 0 . 8 8 ^ decomp. decomp.
I decomp.* * 8 8 1.26 215 t .p .
decomp.
181 . mf. dat .  p.
.u•T* vapor pressure in  mm of mercury
suspected i n i t i a t i o n  o f  decomposition
tr a n s i t io n from s o l id  to liq u id
TABLE V II. Vapor Pressure-Tem perature Data for^3-D iketone
C helate Compounds o f C opper(II)
AA ATA BA
c° Ps* c° Ps C° Ps
45 negligible 47 negligible 47 negligible
68 0.26 68 81 0.29
decomp.** 105 0.39 decomp.




* vapor pressure in mm of mercury
** suspected  i n i t i a t i o n  o f  decomposition
*** t r a n s i t io n  from s o l i d  to  l iq u id
BTA FTA TTA
C° Ps C° Ps C° Ps
52 0 .2 5 75 n e g l ig ib le 45 n e g l ig ib le
* decomp. 108 0 .4 7 62 0 .3 4
140 0 .6 7 decomp.
* decomp. 242 t .p .
227 t .p .
iCi
TABLE V III . Vapor Pressure-Tem perature Data f o ^ - D ik e t o n e
C helate Compounds o f  I r o n (I I I )
M ATA BA ' BTA FTA TTA
c° p *r s C° Ps Co C° El . C° £ s _ C° El .
50 0 .43 47 0 . 1 1 47 0 . 1 2 45 0 .44 55 0 .25 119 1 . 0 0
70 0.79 55 0 .35 72 0 .14 55 0 .6 4 73 0 .8 2 125 1.15
99 1.43 64 0.69 97 0 . 2 1 6 8 1.15 * decomp. 142 2 . 0 0
147 2.69 * decomp. decomp. 80 1.40 207 t .p . 152 2 . 6 8
1 decomp.** 115 t .p . 2 2 2 t . p . * decomp. 159 t .p .
180 t .p .* * * 130 t .p .
* vapor pressure in  mm o f  mercury
** suspected  i n i t i a t i o n  o f  decomposition
tr a n s i t io n  from s o l id  to  l iq u id
its.Cn
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TABLE IX. Vapor Pressure-Temperature Data for /# -D ik eton e
C helate Compounds o f  Manganese(II)
AA ATA BA BTA FTA TTA
C° p  &rs c °  Ps C° Ps C° Ps C° ! * - C°
44 negligible (unstable) 50. negligible 44 0 .5 7 62 0 .6 2 45 negligible
59 0 . 6 1 65 0 .3 3 55 1.18 72 1.16 56 0 .4 5
decomp.** if decomp. 63 1.85 89 3 .70 70 1.39
78 4 .55 if decomp. 80 3 .05
* decomp. 146 t.p. if decomp.
129 t.p.*** 177 t.p.
* vapor pressure  in  mm o f  mercury 
** suspected  i n i t i a t i o n  o f  decomposition  
*** tr a n s i t io n  from s o l i d  to  l iq u id
O'
TABLE X. Vapor Pressure-Temperature Data for/5*-Diketone
Chelate Compounds o f  N ic k e l ( I I )
i
AA ATA BA BTA FTA TTA
C° p *r s C° £ s _ C° Ps C° £ s _ C° C° Ps
47 0 .25 48 0 . 1 1 64 0 .44 45 0 .3 7 44 n e g l ig ib le 47 0 .4 2
60 0 .84 70 0 .25 70 0 .54 82 0 .45 6 1 0 . 1 80 0 .94
70 1.41 decomp. 85 1.03 98 0 . 6 1 107 0 .35 105 1.19
decomp.** 104 2.18 1 8 0 0 .72 147 0 .6 7 decomp.
290 t .p .* * * decomp. 198 0 .93 170 1 . 0 0 291 t>p.
178 t .p . * decomp. ♦ decomp.
223 t .p . 293 t .p .
* vapor pressure in mm o f  mercury
** suspected  i n i t i a t i o n  o f  decomposition
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FIGURE 6 . Vapor Pressure versus 1/T for Some -Diketone
























FIGURE 7 .  Vapor P re s s u re  v e r s u s  1/T f o r  Some /? -D ike tone
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FIGURE 8 .  Vapor P re s s u re  v e r s u s  1/T f o r  Some /? -D ike tones  
C h e la te  Compounds o f  C o b a l t ( I I ) .
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FIGURE 9 . Vapor Pressure versus 1/T for Some /?-Dike tone
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FIGURE 10. Vapor Pressure versus 1/T for Some ̂ -Dlketone
Chelate Compounds of Iron(III).
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TEMPERATURE {C °)
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FIGURE 11a Vapor Pressure versus 1/T for Some y?»Diketone




























FIGURE 12r Vapor Pressure versus 1/T for Gome /?-Dlkefcone
Chelate Compounds of MlolceK II) a
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TEMPERATURE (C °)








FIGURE 1 3 . Vapor P r e s s u r e  v e r s u s  1 /T  f o r  Some? M olten
J3-D lketone C h e la te  Compounds o f  Aluminum( I I I ) 
and E e r y l l lu m (I I ) o
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having undergone decom position at th e  t r a n s i t io n  from s o l i d  to l i q u i d ,  
and so the  vapor p ressu re  at various temperatures was determined fo r  the  
c r y s t a l l i n e  m ater ia l o n ly .
Decomposition was in d ic a te d  by the fo l lo w in g  o b se rv a t io n s :  The
temperature was r a ise d  and the pressu re  measured at various p o in t s .  Upon 
lowering the tem perature, the measured p ressu res  were h igher  than th ose  
measured upon r a is in g  the temperature. This was probably due to the  
presence  o f  gaseous decomposition p rodu cts.  In some in s t a n c e s ,  a r e l a t i v e l y  
sudden in c r e a se  in  p r e s s u r e ,  as compared to the in c r ea se s  noted a t s l i g h t l y  
lower tem peratures, would be observed when th e  temperature would be ra ised  
only  a few degrees . In some c a s e s ,  when the above o b serv a t io n s  were made, 
th e  m ater ia l would be d is c o lo r e d .  In most c a s e s ,  th e  sample had an odor 
o f  th ey S -d ik e to n e , in d ic a t in g  th a t  decom position had taken p la c e .
2. Molar Heats o f  Sublim ation
The p lo t s  o f  the logrithm  o f  the vapor p ressu re  versus 1 /T 
y ie ld e d  reasonable  s t r a ig h t  l in e s  in  accordance with th e  ex p ec ta t io n  
based on the Clasium-Clapeyron equation . The molar h ea ts  o f  sublim ation  
were c a lc u la te d  from the s lo p e s .  The molar heats  o f  sub lim ation  are  
ta b u la ted  in  Table XI.
Some o f  th e  compounds e x h ib ite d  on ly  a s l i g h t  vapor pressu re  
and apparently decomposed at r e l a t i v e l y  low tem peratures. Thus, only  a 
l im ite d  amount o f  data was c o l l e c t e d  in  th ese  c a s e s ,  and th e  c a lc u la t io n  
o f  th e  molar heat o f  sublim ation  was considered  only  an approximation.
These approximations are in d ic a te d  at the appropriate p la c e s  in  Table XI.
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TABLE XI. Molar Heats o f  Sublim ation (KCAL) o f  Some 
^ -D ik eto n e  C helate  Compounds
Metal
Liqand Be Al Mn Fe Co Ni Cu
AA 8.51 4 .58 - 4 .6 7 15.0 16.5 -
ATA 7.28 9 .5 6 - 2 0 . 8 - ( 8 .1 4 ) 1 2 . 1
BA 4.71 (4 .9 0 ) ~ ( 2 . 6 8 ) ( 2 2 .9 ) 1 0 . 1 -
BTA ■ (3.93)* 13.2 14.3 8 .5 6 - (0 .9 1 5 ) -
FTA 7.78 - 15.8 ( 1 4 .3 ) - 4 .51 3 .53
TTA 1 1 . 1 4 .6 2 1 1 . 1 (4 .2 4 ) 5 .95 _
* Values in p a ren th es is  are considered to  be approximate
** I n s u f f i c i e n t  data fo r  c a lc u la t io n
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3. Sublimation Temperatures
The tem peratures, at which the beginning o f  sublim ation was 
observed , are tab ulated  in  Table XII, The observed temperatures range 
from 37° C to 185° C. Sublimation was not observed fo r  some compounds, 
and some compounds were suspected o f  sublim ing with decom position. These 
compounds are in d ica ted  in  Table XII,
4. Thermal S t a b i l i t y
Included with the vapor pressure-tem perature data in  Tables IV,
V, VI, VII, V III, IX and X are the temperature ranges in which decompo­
s i t i o n  appeared to i n i t i a t e  and the temperatures at which the observed  
t r a n s i t io n  from s o l id  to l iq u id  were suspected  to be decomposition p o in ts .  
Melting p o in ts  are a lso  g iv en . These observations  were used as a c r i t e r io n  
to e s t a b l i s h  a r e la t iv e  order of thermal s t a b i l i t y .  This r e l a t i v e  order  
i s  presented  and d iscu ssed  with regards to the fa c to r s  a f f e c t in g  s t a b i l i t y  
under "D iscussion and Conclusions.!'
5. Separations by Sublimation
A s e r ie s  o f  experiments were done in  which sep arations o f  m eta ls ,  
as jll-diketone ch e la te  compounds, were accomplished by sublim ation at reduced 
pressu re .
In the f i r s t  experim ent, b i s - ( a c e ty la c e to n o )b e r y l l iu m (I I )  was 
separated from the same iron and copper ch e la te  compounds by c o l l e c t in g  
the beryllium  compound as the sublim ate , w hile  the iron and copper com­
pounds were l e f t  in  th e  sublimand. Q u a l i ta t iv e  a n a ly s is  in d ica ted  that  
th e  beryllium  was almost completely removed from the sublimand. The
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TABLE XII. Temperatures (°C) At Which Sublimation*
Is  F ir s t  Observed.
Metal
Liqand Be A1 Mn Fe Co Ni Cu
AA 37 74 (9 1 ) 69 ( 1 0 0 ) (185) (72)
ATA 38 48 ( 1 0 0 ) 48 (54) ( 1 1 1 ) 55
BA 105 (152) (95) (125) ( 1 6 2 ) (135)
BTA 78 8 8 *** (89) 55 98 (130)
FTA 71 95 ii* tip ttj (95) 63 65 105
TTA (73)** 125 135 69 70 ( 1 1 2 )
* Sublimation was observed at 0 .2 5  mm o f  mercury.
** Temperatures in c lo sed  in  p aren th es is  are temperatures at which 
sublim ation was apparently accompanied by decomposition.
No sublim ation  observed b e fore  tr a n s i t io n  from s o l id  to  l iq u id .
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d e t a i l s  o f  t h i s  experiment are presented  in  Table X III .
In a second experim ent, b is -C a c e ty la c e to n o )c o b a lt ( I I )  was c o l l e c t e d  
as a sublim ate from a mixture o f  b i s - ( a c e t y la c e t o n o ) c o b a l t ( I I )  and b i s -  
(a ce ty la c e to n o  ) n i c k e l ( I I ) .  The sublim ate was found to  be f r e e  o f  the n ic k e l  
compound. The d e t a i l s  o f  th e  experiment are presented  in  Table X III.
In a th ird  experim ent, a mixture o f  a c e t y l t r i f lu o r o a c e t o n e  com­
pounds o f  b ery ll iu m , copper and n ic k e l  were used. The bery lliu m  compound 
was f i r s t  sublimed com plete ly  and was c o l l e c t e d  fr e e  o f  th e  o th e r s .  The 
temperature was r a ise d  and the copper compound was c o l l e c t e d  f r e e  o f  the  
n ic k e l .  A q u a l i t a t i v e  t e s t  in d ic a te d  th a t  some copper was l e f t  in  the  
sublimand. The d e t a i l s  o f  th e  experiment are presen ted  in  Table XIV.
TABLE X III . Some Separations by Sublim ation Using Metal














C o lle c t io n  
Time (hours) Sublimand
Be (Trace)  
Fe present  
Cu present
Sublimate
Be present  
Fe none
Co 100 125 1 -1 /2  Co present Co present
Ni 185 Ni present . Ni none
TABLE XIV. Some Separations by Sublim ation Using Metal


















Cu present  
Ni present
Sublimate
Be present  
Cu none 
Ni none
70 Cu present  
Ni present
Be none 
Cu present  
Ni none
DISCUSSION AND CONCLUSIONS
1. C r iter ion  For Degree o f  V o la t i l i t y
I f  the vapor pressure-tem perature data had g iven  a fam ily  o f  l i n e s ,  
the magnitude o f  the vapor pressure  at a s p e c i f ie d  temperature would have 
served as a c r i t e r io n  fo r  the degree o f  v o l a t i l i t y .  However, an examination  
o f  the p lo t s  o f  the p ressure  versus l /T  on sem i-logr ithm ic  paper shows th at  
a m ajority  o f  the curves c r i s s c r o s s .  T h erefore , the molar heats o f  sub­
lim ation  were used as the c r i t e r io n  fo r  degree o f  v o l a t i l i t y .
The molar heat o f  sublimation represents  the energy absorbed when 
one mole o f  the s o l id  m ateria l i s  converted to vapor. In o th er  words, com­
pound A, which i s  l e s s  v o l a t i l e  than compound B, would require more energy 
per mole than compound B, in  order to be v o l a t i l i z e d .  Thus, compound A 
would have a higher molar heat o f  sublim ation than compound B. In one case  
( s e e  Table XV), when the molar heat o f  sublim ation could not be c a lc u la te d ,  
an observed vapor p ressure  at a low temperature was used to gain some idea  
o f  the degree o f  v o l a t i l i t y .
2. Degree o f  V o l a t i l i t y  and Related Factors
General C on sid eration s . Evaluation o f  the data in d ic a te d  that  
c er ta in  fa c to r s  could be determ inative w ith  regard to the degree o f  v o la ­
t i l i t y  o f  the compounds s tu d ied . In g e n e ra l ,  th ese  fa c to r s  are re la ted  
to the nature o f  the cen tra l  metal atom and the s tru ctu re  o f  the ligand;  
a po in t  which has been p rev io u s ly  d iscu ssed  in  the in troductory  remarks.
The r e la t io n s  o f  th ese  determ inative fa c to r s  to the metal and to the  
l igan d  cannot be sharply d iv ided  according to those  r e la ted  to the nature  
o f  the metal and those r e la ted  to the s tru c tu re  o f  the l ig a n d . Rather,
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the r e la t io n s  in v o lv e  the consequences o f  an in te r p la y  o f  th ese  two item s,  
However} in  the d is c u s s io n  below an e f f o r t  has been made to presen t th ese  
f a c to r s  independently w ith  regard to t h e i r  r e la t io n  to the metal and to the  
l ig a n d , along with the n ecessary  c o l l e c t i v e  p r e se n ta t io n .  The scope o f  the 
experim entation allow s t h i s  to some degree^ i . e . ,  the data fo r  a s e r ie s  o f  
^ -d ik e to n e  ch e la te  compounds fo r  a s in g le  metal can be considered  and a 
s e r i e s  o f  metal d e r iv a t iv e s  fo r  a s in g le ^ - d ik e t o n e  can a lso  be considered.
Molecular Symmetry. The symmetry o f  the m olecules o f  th ese  ch e la te  
compounds i s  governed by the s p a t ia l  arrangement o f  the coord ination  bonds 
o f  the cen tr a l  metal atom. The r e la t iv e  s i z e  o f  the R and R* groups (se e  
Table I )  on the ligan d  would have but l i t t l e  e f f e c t  on the m olecular symmetry 
as th ese  groups would be arranged in  an opposed fash ion  about the cen tra l  
metal atom.
Tetrahedral and octahedral arrangement o f  the coord ination  bonds 
o f  the metal r e s u l t s  in  an approximately s p h e r ic a l ly  shaped m olecule . These 
m olecules should then pack as spheres in  the c r y s t a l l i n e  m a ter ia l .  The planar  
shaped m olecules would r e s u l t  from the p lanar arrangement o f  the coord ination  
bonds o f  the m etal. These m olecules should pack in  p lanes in  the c r y s t a l l i n e  
m a ter ia l .
A comparison o f  the data fo r  a s e r i e s  o f  n o n -f lu o r in a ted  compounds 
in d ic a te d  that t h i s  kind o f  molecular symmetry was determ inative  in  regard  
to th e  degree o f  v o l a t i l i t y .  This comparison i s  g iven  in  Table XV.
The data shows th a t  planar compounds were l e s s  v o l a t i l e  than o c ta ­
hedral or  te trah ed ra l compounds. This observa tion  might be exp la in ed  by 
the fa c t  th a t  planar m olecules could pack more c lo s e ly  in  la y ers  in  the  
s o l i d  s t a t e  than the s p h e r ic a l ly  shaped octahedra l and te tr a h ed ra l  m olecu les.  
The more c lo s e ly  packed m olecules would require  more energy in  order to be
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TABLE XV. Comparison o f  Molar Heats o f  Sublimation (k c a l )
o f  Some N on-fluorinated  Compounds 
on the B asis  o f  Symmetry 
Considerations













4 .5 8  4 .9 0
4 .6 7  2 .68
8 .51  4 .71
15.0  22 .9
16.5  10.1
*Vapor pressure  lower than octahedral and te trah ed ra l  
compounds.
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separated from one another to form gaseous m olecu les. Thus, the planar  
compounds could have a h igher  heat o f  sublim ation  and could be l e s s  v o l a t i l e .
In Table XV, n ic k e l  and cobalt compounds are l i s t e d  as p lan ar ,  
because n ic k e l  and co b a lt  are b est  considered as having a p lan ar  arrange­
ment fo r  the anhydrous compounds (5 ,  2 8 ) .  The hydrated compounds o f  th ese  
two m etals have oc tahedra l s tru c tu re  in  which the y£?-diketone l igan d s  coord i­
nate to the cen tra l  atom in a common p la n e ,  and the coordinated water m olecules  
l i e  above and below. Removal o f  the water could leave  a p lanar s tr u c tu re .  
Magnetic s u s c e p t i b i l i t y  measurements o f  the anhydrous compounds could reso lv e  
t h i s  q u es t io n .
Comparison o f  th e  degree o f  v o l a t i l i t y  o f  the f lu o r in a te d  compounds 
on th e  basis, o f  m olecular symmetry did not g iv e  the same r e la t io n  as i s  d i s ­
cussed above. In th e  case o f  the f lu o r in a te d  compounds, the data in d ica ted  
th at th e  p lanar compounds are more v o l a t i l e .  Other fa c to r s  were apparently  
more o p e r a t iv e  in  th ese  c a s e s ,  and con sid er in g  the strong in d u c t iv e  e f f e c t  
o f  th e  tr if lu o ro m eth y l  group, t h i s  viewpoint seems reasonable . The e f f e c t  
o f  the tr if lu o ro m eth y l group on v o l a t i l i t y  i s  d iscu ssed  below.
M olecular P o l a r i t y . The tr if lu o ro m eth y l group e x h ib i t s  a strong  
in d u c t iv e  e f f e c t ,  withdrawing e le c tr o n s  toward i t .  The s u b s t i t u t io n  o f  
t h i s  group fo r  the methyl group in  th ese  compounds r e s u lte d  in  an a l t e r a t io n  
o f  th e  v o l a t i l i t y  trends th a t  was observed fo r  the n o n -f lu o r in a ted  compounds. 
This e f f e c t  might be exp la in ed  by the f a c t  th a t  the in d u c t iv e  e f f e c t  o f  the  
tr if lu o ro m eth y l group could g iv e  r i s e  to p o la r iz a t io n s .  These p o la r iz a t io n s  
could c rea te  m olecular d ip o le s  whose in t e r a c t io n s  may have caused the observed  
a l t e r a t io n s .  The comparison o f  compounds o f  a c e ty la ce to n e  w ith a c e t y l t r i -
9
f lu oroace ton e  and benzoylacetone with b e n z o y ltr if lu o r o a ce to n e  i s  presented  
in  Table XVI. The m olar'heat o f  sublim ation was in creased  fo r  iron  and
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TABLE XVI. Comparison o f  the Molar Heats o f  Sublimation (k c a l )  
o f  Some Non-Fluorinated with F luorinated  
^ -D ik e to n e  Chelate Compounds
Ligand
S p a t ia l  Arrangement Metal AA ATA BA BTA
Octahedral A1  4 .5 8  9 .5 6  4 .9 0  13 .2
Fe 4 .6 7  20 .8  2 .68  8 .56
Tetrahedral Be 8 .51  7 .2 8  4 .71  3 .93
Planar Ni . 1 6 .5  8 .1 4  10.1 0.915
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aluminum compounds with tr if lu o ro m eth y la t io n  and reduced fo r  beryllium  and 
n ic k e l .
A con c lu s ive  c o rre la t io n  o f  molecular p o la r i t y  with v o l a t i l i t y  
was not p o s s ib le  with the data c o l le c te d  in  th ese  s tu d ie s .  Only a d ir e c t  
measurement o f  the p o la r i t y  o f  the m olecules o f  the various complexes and 
a comparison o f  t h i s  data with molar heats o f  sublimation could lead to a 
con c lu s ive  c o r r e la t io n .  However, some in d ic a t io n s  o f  the nature o f  the 
dip o le  in te r a c t io n s  can be obtained from the data presented  in  Table XVI.
I t  can be seen th at when there was an octahedral arrangement o f  
the coord ination  bonds, the molar heats  o f  sublimation was h igher. There 
would be a number o f  ways to arrange the f lu o r in a ted  ligands in  the o c ta ­
hedral compound. However, a l l  arrangements r e s u l t  in  having at l e a s t  one 
tr if lu o ro m eth y l group opposing a methyl group along a l in e  drawn approxi­
mately through the cen ters  o f  th ese  groups and the cen tra l metal atom. The 
opposing arrangement could g iv e  r i s e  to a d ip o le ,  and the d ip o lar  molecules  
a t tr a c t  one another in  the c r y s t a l l in e  s t a t e ,  requiring more energy to be 
vaporized . This could exp la in  the higher molar heat o f  sublim ation fo r  
the f lu o r in a te d  compounds o f  iron and aluminum compared to the  corresponding  
n o n -flu o r in a ted  compounds.
I t  can be seen in  Table XVI that when there  was a te trah ed ra l or  
planar arrangement, the molar heats o f  sublim ation were lower. In the  
te trah ed ra l arrangement around the beryllium  atom, i t  i s  p o s s ib le  that the  
p olar  groups are arranged so th at no d ip o les  are created . Other arrangements 
in  which d ip o le s  are created are a lso  p o s s ib le .  However, the trend in  the  
observed molar heats o f  sublimation in d ic a te s  th at the arrangement did not 
create  d ip o le s  which could a t tr a c t  one another. Rather, the lower molar 
heats o f  sublim ation in d ic a te s  th at a 'r ep u ls io n  o f  the m olecules could have
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been o p e r a t iv e .  The p o lar  groups could be respon sib le  fo r  rep u ls io n . In 
the planar arrangement, i t  i s  p o s s ib le  to arrange the p o lar  groups e i th e r  
c i s  or tran s . In the former c a se ,  a d ip o la r  molecular would r e s u l t  and in  
the l a t t e r  a non-polar m olecule. The lower molar heat o f  sublim ation fo r  
the n ick e l  compound in d ic a te s  that the trans arrangement was p referred  and 
that rep u ls ion  o f  the molecules was a lso  l i k e l y .
Berg and McIntyre (9 )  and Berg and S trassn er  (10) determined the  
r e la t iv e  p o la r iz a t io n s  fo r  a s e r ie s  o f  metal d e r iv a t iv e s  o f  2 - th e n o y tr i -  
f lu o ro a ce to n e , 2 -thenoylperfluorobutyrylm ethane and 2 - fu r o y lp e r f lu o r o b u try l-  
methane. The order o f  decreasing r e la t iv e  p o lo r iz a t io n ,  arranged according 
to the metal atom, was Fe, Mn, N i,  Co, Cu. Their order in d ica ted  that  
f lu o r in a te d  octahedral compounds were more p o la r  than f lu o r in a te d  planar  
ones.
The E ffec t  o f  Aromatic and H etero cy c lic  Groups. Comparison o f  the  
molar heats o f  sublim ation o f  a ce ty la ce to n a tes  with benzoylacetonates (se e  
Table XV) in d ica ted  th at the v o l a t i l i t y  o f  the aluminum and cob a lt  compounds 
decreased , w hile  the v o l a t i l i t y  o f  the b ery lliu m , iron and n ic k e l  compounds 
increased  upon rep lacin g  the methyl group with a phenyl group. A s im ilar  
comparison o f  the a c e ty ltr i f lu o r o a c e to n e  and the b en zo y ltr if lu o ro a ce to n e  
compounds o f  aluminum, ir o n ,  beryllium  and n ick e l  ( s e e  Table XVI) gave the  
same trend in  v o l a t i l i t i e s .
In Table XVII the R groups ( s e e  Table I )  o f  the f lu o r in a te d  com­
pounds o f  various metals are arranged in  the  order o f  decreasing v o l a t i l i t y .  
The fo llo w in g  general order o f  decreasing v o l a t i l i t y ,  according to the R 
group, can be observed fo r  the compounds o f  b ery llium , ir o n ,  n ic k e l  and 
copper: phenyl, th e n y l ,  fu ry l  and methyl. Two exceptions to t h i s  general  











TABLE XVII. Order o f  V o l a t i l i t y  fo r  Some F luorinated  
^J-diketone C helate  Compounds on th e  B asis  
o f  the B* Group
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d ecreas ing  v o l a t i l i t y
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group in  the n ic k e l  compounds.
The fo llo w in g  general order o f  decreasing v o l a t i l i t y  can be 
observed fo r  the compounds o f  aluminum, cobalt  and manganese: methyl, 
th e n y l ,  phenyl and f u r y l .  One exception to t h is  order was the methyl 
group in the cobalt compounds.
The two orders o f  v o l a t i l i t y  were ob v iou sly  d i f f e r e n t .  The 
c h a r a c t e r i s t ic s  o f  the cen tra l metal atom, i . e . ,  e l e c t r o n e g a t iv i t y ,  being  
a t r a n s i t io n a l  or n o n -tr a n s it io n a l  m eta l,  d iv a len t  or t r iv a le n t  and having 
a te tr a h e d r a l ,  octahedral or  planar co n fig u ra t io n , were apparently not 
determ inative fa c to r s  in e s ta b l i s h in g  the two orders. However, the order  
fo r  th e  compounds o f  b ery llium , ir o n ,  n ic k e l  and copper happens to be in  
the same order o f decreasing  aromatic character  o f  the R group, i . e . ,  
ph en yl,  th en y l ,  fu ry l  and methyl. The order o f  v o l a t i l i t y  being the same 
as the order o f  aromatic character suggested the fo l lo w in g  exp lanation:  
Resonance in  a ^/?-diketone ch e la te  compound could tend to make a more even 
e le c t r o n ic  d is tr ib u t io n  in  the m olecule. The more even e le c t r o n ic  d i s t r i ­
bution would be c h a r a c t e r i s t ic  o f  a compound o f  low d ip o le  moment. Low 
d ip o le  moment would lead  to the exp ecta tion  that the d ip o le  in te r a c t io n  
in  the c r y s t a l l i n e  s t a t e  would be sm all. Such a compound would have a 
high degree o f  v o l a t i l i t y .  I t  would appear th at varying degrees o f  reso ­
nance con tr ib u tion  to the molecule would lead  to a corresponding var ia t io n  
in  . v o l a t i l i t y  and th at a decreasing order o f  v o l a t i l i t y  would r e s u l t  in  a 
s e r ie s  o f  compounds in  the order o f  phenyl, th e n y l ,  fu ry l  and methyl sub­
s t i t u t i o n  because the order o f  su b s t i tu t io n  p a r a l l e l s  decreasing resonance 
con tr ib u tio n .
The above exp lanation  leaves  the compounds o f  aluminum, cobalt  
and manganese and the methyl compound o f beryllium  and the fu r y l  compound
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o f  n ic k e l  in  an anomolous p o s i t io n .  However, i t  i s  p o s s ib le  th at s t e r i c  
hinderance to resonance would exp la in  th ese  anomolies.
More d e f in i t e  conclusions as to what are the determ inative  fa c to r s  
could be drawn from the measurements o f  d ip o le  moments o f  th ese  compounds 
and comparison with the order o f  v o l a t i l i t y  as e s ta b l ish e d  by the molar 
heats o f  sublim ation .
3. Sublimation Temperatures
The sublim ation temperature experim ents, performed in th ese  
s t u d ie s ,  were considered at f i r s t  to be v o l a t i l i t y  s tu d ie s  which would 
help to arr ive  at an order o f  v o l a t i l i t y  along with vapor p ressu re -  
temperature data. However, in  a c t u a l i t y ,  th ese  experiments apparently  
were a study o f  a v o l a t i l i z a t i o n  techn iq ue , i . e . ,  sublim ation in  a v e r t i ­
ca l sublim ator. Comparison o f  the temperatures at which sublim ate was 
f i r s t  observed (se e  Table X II) with the order o f  v o l a t i l i t y ,  as e s ta b ­
l is h e d  by the molar heats o f  sublim ation , in d ica ted  that no co rr e la t io n  
e x is t e d  between the two measurements.
The experimental cond it ions th at were used to determine the 
sublim ation temperatures suggested the p o s s i b i l i t y  that the sublim ation  
process  was c o n tr o l le d  by d i f fu s io n .
The d i f fu s io n  c o e f f i c i e n t  o f  a mixture o f  two gases  can be 
approximated by the fo l lo w in g  equation (2 6 ) :
where Dj^ = i s  the c o e f f i c i e n t  o f  d i f fu s io n  in g /cm ^ /sec ,  
R = gas co n sta n t ,
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= gram molecular weight o f  one g a s ,
M2  = gram molecular weight o f  the o ther  g a s ,
n = t o t a l  number o f  m o lecu les ,  
r^ = c o l l i s i o n  diameter o f  one gas in cm,
r 2  = c o l l i s i o n  diameter o f  the o ther  gas in  cm
and T = ab so lu te  temperature.
Thus, i t  can be seen from the equation that d i f fu s io n  o f  one gas 
through another i s  a fu n ction  o f  the molecular weights o f  the two g a se s ,  
t h e ir  molecular diam eter, the t o t a l  number o f  molecules and the abso lute  
temperature.
To t e s t  the hypothesis  that v e r t i c a l  sublimation i s  a d if fu s io n  
co n tr o l le d  p r o c e s s ,  a p lo t  o f  the q u a n t ity ,
(«!_ + M2 )
m1m2
1/2
p ( r ^  + r 2 ) 2  ’
versus the square root o f  the rec ip ro ca l  o f  the sublim ation temperature 
in ab so lu te  degrees was,made. The pressure  in  ram o f  mercury, p ,  at which 
the temperature measurement was made, was su b s t itu te d  fo r  the number o f  
m o lecu le s ,  n; was th e  molecular weight o f  the ch e la te  compound; M2  the  
weighted average m olecular weight o f  a ir ;  r^, the molecular diameter o f  
the c h e la te  compound and r 2  the weighted average molecular diameter o f  
a ir  in  Angstrom u n it s .
The values o f  r ,  were estim ated  from the atomic r a d i i  o f  the  
m etals and o f  oxygen, as tab ulated  by Sidgwick (3 9 ) ,  and the bond lengths  
in organic  compounds as tab ulated  by Wheland (5 0 ) .  The c a lc u la t io n  was 
as fo l lo w s :  The molecular radius was approximated by c a lc u la t in g  the
d is ta n ce  from the cen tra l  metal atom to the outermost R or RT group.
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When R was the same as Rr , then the d is ta n ce  was doubled to obta in  the  
molecular diameter.
both groups and the average was taken and doubled in  order to obta in  an 
average molecular diam eter. The c a lcu la te d  molecular diameters are given  
in Table XVIII, along with the a b sc issa  and ordinate  values fo r  the p lo t s  
shown in  Figure 14. Since D.^ can be assumed to be a co n s ta n t ,  an 
approximately l in e a r  p lo t  should be obtained.
according to the ligan d  in  the compound. Most o f  the n on -flu or in a ted  
l igan ds  l i e  along one l in e  and most o f  the f lu o r in a te d  ligan ds  l i e  along  
another. Some d iscrep a n cies  are apparent and are in d ica ted .
l in e s  might be r a t io n a l iz e d  as fo l lo w s :  The d if fu s io n  equation pre­
sented above i s  an approximation based on id e a l  con s id era t io n . Important 
fa c to r s  such as the in te r a c t io n s  o f  molecules have been ignored and the 
d if fu s io n  c o e f f i c i e n t  assumed to be independent o f  any v a r ia b le .  
H ir sc h fe ld e r ,  Bird and Spotz (2 5 )  have presented  an equation which 
accounts fo r  the in t e r a c t io n  o f  p a r t i c l e s  and the d i f fu s io n  c o e f f i c i e n t  
as a fu n ction  o f  temperature. The equation may be w r itten  in  the fo l lo w ­
ing general form,
When R was d i f f e r e n t  than Rf , the d is tan ce  was c a lcu la te d  for
As shown in  Figure 14, the data gave two l in e s  when grouped
The separation  o f  the p lo t te d  data in to  at l e a s t  two d i s t in c t
f(T /E 12)
p ( r x + r2 )
where C = a constant
E = fo r c e  term accounting fo r  the in te r a c t io n  o f
m olecules
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TABLE XVIII. Data Used fo r  T es t in g  the D if fu s io n  Hypothesis
o f  Sublim ation Temperatures









xlO xlO 2 XlO4
A1 AA 1 1 . 2 158 1 .85 5 .3 7 4 .6 8
BA 14 .0 236 1 .82 4 .8 5 3 .8 6
ATA 11.4 164 1 .85 5 .5 9 4 .51
BTA 14.2 243 1.81 5 .2 7 2 .98
FTA 13.7 227 1.81 5 .2 2 3 .1 9
TTA 13.8 230 1.81 5.03 3 .9 3
Be AA 1 0 . 8 149 1.91 5 .6 8 5 .1 0
BA 13 .5 2 2 2 1 .85 5 .1 4 4 .1 6
ATA 1 1 . 0 154 1 . 8 6 5 .6 8 4 .8 4
BTA 13.8 231 1 .83 5 .3 5 3 .1 8
FTA 13,4 218 1 .84 5 .4 0 3 .3 7































+ M2 1 / 2
*X =
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\
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TABLE XVIII. -  Continued






A xlO 2 xlO 2 xlO4
Cu AA 1 1 . 6 169 1.87 5 .3 9 4 .43
BA 14 .4 250 1.84 4 .9 5 3 .6 8
ATA 11.9 184 1.84 5 .51 3 .7 0
BTA 14.7 259 1 .82 4 .9 9 2.51
FTA 14 .2 243 1.84 5 .1 5 3 .79
TTA 14.4 249 1 .82 5 .1 0 3 .6 5
Fe AA 1 1 . 1 156 1 .85 5 .41 4 .74
BA 13.9 234 1 .82 5 .01 3 .8 9
ATA 1 1 . 2 158 1 .82 5 .6 0 4.61
BTA 14 .2 243 1.81 5 .2 6 2.98
FTA 13.6 225 1.81 5 .2 2 3 .21
TTA 13.8 230 1.81 4 .9 6 3 .9 3
Mn AA 1 1 . 2 158 1 . 8 8 5 .2 5 4 .94
BA 1 4 .0 236 1.84 5 .23 3 .9 0
ATA 11.4 164 1 .85 5 .1 8 3 .7 6
BTA 14 .2 -  - -  - -  - _ _
FTA 13.7 -  - -  - -  - -  -
TTA 13.'8 -  - -  - -  - -  -
*X =
Mi +  Mol1 ^ 2
_  v j
M]_ + M; 
M1 M2 _
n i / 2
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FIGUiiE 1 4 .  P l o t  t o  T e s t  t h e  D i f f u s i o n  H y p o th es is  o f  
S u b l im a t io n  In  a  V e r t i c a l  S u b l lm a to r ,
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and f(T/E^ 2  ̂ = a fu n c t io n  o f  the temperature and fo r c e  term.
I t  i s  co n ce iv a b le  th a t  the in t e r a c t io n s  o f  the f lu o r in a te d  
m olecules would be much g r ea ter  than the n o n -f lu o r in a te d ,  r e s u l t in g  in  
d i f f e r e n t  d i f fu s io n  c o e f f i c i e n t s  fo r  the two ty p es .
The general s c a t te r in g  o f  the p o in ts  and the ra th er  obvious  
d e v ia t io n s  from th e  gen era l p attern  could p o s s ib ly  r e s u l t  from some error  
in  th e  c a lc u la t io n  o f  th e  m olecular d iam eters , and th e  fa c t  th a t  the  
r e la t io n  o f  th e  d i f f u s io n  c o e f f i c i e n t  to temperature and the  in te r a c t io n  
o f  the m olecules has been n eg le c ted .
The th ree  compounds, the b is - ( b e n z o y l t r i f lu o r o a c e t o n o ) ,  the  
b i s - ( 2 - f u r o y l t r i f lu o r o a c e t o n o ) and the b i s - ( 2 - th e n o y l tr i f lu o r o a c e to n o )  
o f  manganese did not e x h ib i t  any tendency to sublime. However, th e se  
th ree  compounds had an app rec iab le  vapor p ressure  (Table IX). This  
anomoly cannot be exp la in ed  by any o f  the data taken in  t h i s  study. I t  
i s  p o s s ib l e  though th a t  th e  m ater ia l sublimed and the sublim ate d ep os it  
was composed o f  such f in e  c r y s t a l s  th a t  they  escaped d e te c t io n .  This  
p o s s i b i l i t y  could apply as w e ll  to the b is - ( b e n z o y la c e t o n o ) n ic k e l ( I I )  
compound fo r  which no sublim ate was observed.
The p lo t s  in  Figure 14 in d ic a te  th a t  the temperature at which 
sublim ation  was observed were apparently temperatures at which th e  d i f ­
fu s io n  to the co ld  f in g e r  took p la ce  a t  a n o t ic e a b le  r a te .
4 . Thermal S t a b i l i t y
An order o f  thermal s t a b i l i t y  was e s t a b l i s h e d  from the tem­
p eratu res  at which decom position was su sp ected . The observed thermal 
s t a b i l i t y  o f  th e s e  compounds did not q u ite  match o r ig in a l  e x p e c ta t io n s .  
These ex p e c ta t io n s  were based upon temperature values reported  as
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m elting  p o in ts  in the l i t e r a t u r e .  As a r e s u l t  o f  the pressure  measure­
ments made in  th ese  s t u d ie s ,  th ese  m elting p o in ts  were suspected  to be 
decomposition p o in ts .  Three compounds were found to be ex cep t io n s:  b i s -
C acety a ce to n o )b ery ll iu m (II ) ,  b i s - ( a c e ty l t r i f lu o r o a c e to n o )b e r y l l iu m (I I )  
and tr is -C a ce ty ltr if lu o r o a c e to n o )a lu m in u m (III )  which were s ta b le  even 
a f t e r  m eltin g . In g e n e r a l ,  the compounds o f  the h igh est  s t a b i l i t y  were 
s ta b le  to temperatures in  the range o f  150° -  200 C°. The l e s s  s ta b le  
compounds appeared to decompose around 100 C°.
In Table XVII, the order o f  decreasing  thermal s t a b i l i t y  i s  
arranged according to the cen tra l  metal atom in  the compound. Arrange­
ment according to th e  ligan d  in , t h e  compound did not in d ic a te  any trends  
o f  p a r t ic u la r  s ig n i f i c a n c e .  In Table XVII, the trends do not fo l lo w  w ell  
defin ed  p a t te r n s ,  but there  are severa l general r e la t io n s  th at are in d i ­
cated as fo l lo w s :  1 ) For most c a s e s ,  aluminum and beryllium  compounds
were grouped among th e  more s ta b le  ones and manganese among the le s s  
s t a b le ,  2 ) n ick e l  and copper compounds conta in ing  the tr if lu o ro m eth y l  
group were more s ta b le  than the  n o n -f lu o r in a ted , 3 )  iron  compounds with  
the tr if lu o ro m eth y l group were le s s  s ta b le  than the n o n -f lu o r in a ted  
with one e x cep t io n , the t r i s - ( 2 - t h e n o y l t r i f lu o r o a c e t o n o ) ir o n ( I I I )  com­
pound and 4 )  cob a lt  compounds with the tr if lu o ro m eth y l group were l e s s  
s ta b le  th a n ,th e  n o n -f lu o r in a ted  compounds.
There was some resemblance o f  the general order o f  thermal 
s t a b i l i t y  o f  th ese  compounds, when arranged by the metal atoms, to the  
order o f  s t a b i l i t i e s  in  s o lu t io n  that was found fo r  a la rg e  number o f  
c h e la te  compounds, t h i s  order being: copper, b ery llium , ir o n ,  n ic k e l ,  
cobalt  and manganese (5 a ) .
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TABLE XIX. Order o f  Thermal S t a b i l i t y  fo r  Som e/?-diketone  
C helate  Compounds Arranged According to  the  
Metal Atom
Ligand Metal
AA Be A1 Fe Co Ni Cu & Mn
BA Be Fe Ni Co & A1 Cu & Mn
ATA Be & A1 Cu Ni Fe Co & Mn
BTA Ni Cu Be Al Fe & Mn Co
FTA Ni Be Cu Mn Fe Co Al
TTA Fe A1 Ni Co Mn Cu Be
D ecreasing  Thermal S t a b i l i t y
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'5 . Hydrated N ickel Compounds
An e x ce p t io n a lly  s ta b le  se t  o f  hydrated compounds were encoun­
tered  in  th is  study. These were the hydrates o f  t r i s - ( b e n z o y l t r i f lu o r o -  
a c e to n o ) ,  t r i s - ( 2 - fu r o y l t r i f lu o r o a c e t o n o ) and the t r i s - ( 2 - t h e n o y l t r i -  
f lu o r o a c e to n o )n ic k e l ( I I )  compounds. The analyses in d ica ted  th at these  
compounds were d ih ydrates. Heating to 160° -  180° C at reduced pressure  
was required to  dehydrate the compounds. No co lor  change upon dehydra­
t io n  was observed with the b en zo y ltr if lu o ro a ce to n e  compound, however the  
hydrated compounds o f  2 - fu r o y ltr i f lu o r o a c e to n e  and 2 - th e n o y l tr i f lu o r o a c e -  
tone were green and the anhydrous compounds ye llow .
Hydrates o f  th e  compounds o f  manganese and cobalt were a lso  
encountered, but ana lyses  in d ica ted  that th ese  were s u c c e s s fu l ly  dehy­
drated at temperatures in  the v i c in i t y  o f  60 C° at reduced p ressu res .  
Presumably, the a c e ty la c e to n e ,  benzoylacetone and a ce ty tr i f lu o r o a c e to n e  
compounds o f  n ic k e l  were a lso  hydrates. These were dehydrated by heat­
ing to 50 C° at reduced pressu re . I t  should be emphasized th at i t  was 
presumed th at th ese  p a r t ic u la r  compounds o f  n ick e l  were d ih yd rates ,  
because no confirming ana lyses  were done.
6 . P o t e n t i a l i t i e s  for  Further In v e s t ig a t io n
Degree o f  V o l a t i l i t y  o f  Other Compounds. The scope o f  the  
in v e s t ig a t io n  reported here included only seven metals and s i x  ligan d s .
I t  would appear that a d d it io n a l ,  u se fu l  inform ation could be obtained  
from the determination o f  the degree o f  v o l a t i l i t y  o f  compounds o f  o ther  
metals with the ligands used in  th is  study. Some examples could be 
vanadium, chromium, le a d ,  bismuth and the platinum group m etals .
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Furthermore, compounds o f  the valency s t a t e s  o f  ir o n ,  cobalt  and manga­
nese o th er  than the valency s t a t e s  in v e s t ig a te d  in  t h is  work are a lso  
p o s s i b i l i t i e s .  Comparison o f  v o l a t i l i t y  as a function  o f  the valency  
s t a t e  o f  the cen tra l metal atom could prove to be in t e r e s t in g .
In the realm o f  the  in v e s t ig a t io n  o f  other  compounds l i e s  the 
p o s s i b i l i t y  o f  studying compounds o f  o th e r ^ -d ik e to n e s  which would be 
obtained by u t i l i z i n g  o th er  groups, in l i e u  o f  R and R*, than the ones 
l i s t e d  in  Table I .  ^ - d ik e t o n e s ,  where both R and R* could be a v a r ie ty  
o f  a lk y l ,  f lu o r in a te d  a lk y l ,  aromatic, h e te r o c y c l ic  and su b s t itu te d  
aromatic and h e t e r o c y c l ic ,  are p o s s ib le .  Combinations o f  the s u b s t i ­
tu ted  group are a lso  p o s s ib le .
/tf-d iketones represent only one type o f  ligan d . Other ty p es ,  
with bonding not only  through oxygen but through the o th er  ty p ic a l  
bonding atoms (n itr o g e n ,  s u l fu r ,  e t c . )  could be s tu d ied . Of p a r t ic u la r  
p o s s ib le  i n t e r e s t ,  are compounds in  which the cen tra l metal atom i s  
found to be a member o f  more than two ring system s, as in  the case o f  
z^-diketones. The a s so c ia t io n  with more r ings resu lted  in  a d d it io n a l  
thermal s t a b i l i t y  in  the case o f  e th y len ed ia m in e-b is-a ce ty la ceto n e  
copperClI) and metal porphyrin d e r iv a t iv e s  ( 7 ) .
Q uan tita t ive  Sep aration s . Development o f  a n a ly t ic a l  techniques  
could be undertaken. These a n a ly t ic a l  techniques should a llow  the  
q u a n t ita t iv e  p r e c ip i ta t io n  o f  mixed m etals ions from s o lu t io n  with com­
pounds th at could be f r a c t io n a l ly  v o l i t i l i z e d ,  r e su lt in g  in  a quanti­
t a t i v e  separation o f  the m etals . These in v e s t ig a t io n s  would have to 
in c lu de  the development o f  sublimation techniques that would allow  
q u a n t ita t iv e  recovery.
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Magnetic S u s c e p t i b i l i t y ,  D ipole Moments and P o l a r i z a b i l i t y . 
There was some un certa in ty  as to the con figu ration  o f  some o f  the  
various compounds th at were s tud ied . These were the dehydrated ch e la te  
compounds o f  manganese, cob a lt  and n ic k e l .  Magnetic s u s c e p t i b i l i t y  
measurements o f  th e : hydrated and dehydrated m ateria ls  could p o s s ib ly  
r e so lv e  the problem.
Some s p e c u la t iv e  explanations were o f fer ed  in  the d iscu ss io n  
above th a t  were based upon the assumption th at cer ta in  d ip o le  in t e r ­
a c t io n s  o f  the m olecules were resp on sib le  fo r  the observed trends in  
v o l a t i l i t y .  Measurement o f  d ip o le  moments o f  th ese  compounds would 
serve  to check the v a l i d i t y  o f  th ese  assumptions. The reported p o la r -  
i z a b i l i t i e s  ( 9 ,  1 0 ) ,  th at were found to c o r r e la te  with the observed  
tr e n d s ,  in d ica ted  that an exten sion  o f  th ese  measurements to o th er  com­
pounds could a lso  g iv e  u se fu l  inform ation.
/
SUMMARY
Molar heats o f  sublim ation  fo r  a s e r ie s  o f  metal c h e la te  com­
pounds o f  yS’-d ik e to n es  were c a lc u la te d  from vapor pressure-tem perature  
data. The molar heats o f  sublim ation were used as a c r i t e r io n  to  
e s t a b l i s h  degrees o f  v o l a t i l i t y .  I t  appeared th a t  the degrees o f  
v o l a t i l i t y  were mainly determined by the f a c t o r s ,  molecular symmetry 
and molecular p o la r i t y .
N on -f lu or in ated  compounds whose cen tr a l  metal atom ex h ib ited  
octahedral and te tra h ed ra l  arrangement o f  t h e ir  coord ination  bonds had 
lower heats o f  sublim ation  than th ose  with planar arrangement. Thus, 
the octahedral and te tra h ed ra l  compounds were more v o l a t i l e .
Compounds conta in ing  the tr if lu o ro m eth y l group showed a 
d i f f e r e n t  trend in v o l a t i l i t y .  The compounds whose cen tra l  metal atom 
had an octahedral arrangement o f  i t s  coord ination  bonds were l e s s  
v o l a t i l e  than t h e ir  n o n -f lu o r in a ted  counterpart. The compounds whose 
c en tr a l  metal atom had te tra h ed ra l  and planar arrangements o f  the  
coord ination  bonds were more v o l a t i l e  than t h e ir  n on -flu or in a ted  
counterpart.
When aromatic and h e te r o c y c l ic  groups were su b s t itu te d  for  
methyl in the compounds, the order o f  decreasing v o l a t i l i t y  was: 
phenyl, th e n y l ,  f u r y l ,  methyl. This i s  a lso  the decreasing order o f  
p o s s ib le  resonance co n tr ib u tio n  by th ese  groups.
Sublim ation temperatures were measured in a v e r t i c a l  s u b l i -  
mator. The temperature at which sublim ate was observed was apparently  
the temperature at which d i f fu s io n  to  the co ld  f in g e r  took p lace  at a- 
n o t ic e a b le  ra te .
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The thermal s t a b i l i t y  o f  th ese  compounds was l e s s  than what
was expected . I t  was p o s s ib le  to  e s t a b l i s h  an order o f  thermal
s t a b i l i t y ,  according to  the c e n tr a l  atom, which resembled, to  some 
e x te n t ,  th e  order o f  s t a b i l i t i e s  in s o lu t io n  th a t  had been reported  
fo r  a la r g e  number o f  the  c h e la te  compound. Arrangement o f  th e  order
o f  thermal s t a b i l i t y  according to  the l igan d  did not r e s u l t  in  any
trends o f  p a r t ic u la r  s ig n i f i c a n c e .
This study uncovered an unusually  s t a b le  s e t  o f  hydrated metal 
c h e la te  compounds. These were compounds o f  n ic k e l  which required  
h eatin g  to  temperatures in  the range o f  160°-180° C at reduced pressu re  
in  order to  obta in  an anhydrous product.
Determ ination o f  the degree o f  v o l a t i l i t y  o f  compounds o ther  
than the ones s tu d ied  here was proposed fo r  fu tu re  work. This would 
in c lu d e  both o th er  m etals and o th er  l ig a n d s .  S tu d ies  toward the  
development o f  a n a ly t ic a l  techniques were a lso  proposed. The need for  
th e  measurement o f  magnetic s u c e p t i b i l i t i e s , d ip o le  moments and p o la r -  
i z a b i l i t y  o f  the compounds used in t h i s  study to  c l a r i f y  c e r ta in  specu-  
l a t io n s  was p o in ted  out.
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